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Some mares are completely sterile; some 
conceive3 but cannot complete their 
pregnancy: ... 
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ABSTRACT 

Thi s  study invo lved three aspect s  of the field  of Cytogeneti c s  

app lied to the domestic  horse (�. caba l lus cabal lus ) .  The first  

aspect , the identific at ion and investigat ion of individua l s  with 

cytogenetic  anomalies , is  fundamental to Cytogenet ics .  The individ­

ual s  di scovered , however , pointed to t he c lose interrel at ionshi p of 

Cytogeneti c  and Genetic  research. Thirdly , questions of fert i lity , 

and in one mare the t en tative demonstrat ion of an app l ication of 

cytogenetic s in veteri nary c l inic a l  evaluati on ,  were concerned with 

functions of C l inical  Cytogeneti c s .  

The pr imary hypothesi s of thi s study was that individual s with 

abnormal sex chromosome con s t i tution s ,  the maj ority of whi ch are 

either mosaics  or chimaeras ,  form a significant proport ion of some 

�. £· cabal lus breeds , in part icu lar the Thoroughbred Breed . Sub ­

s idiary to that hypothes i s  was that these mosai c /chimaeras as a group 

were d i sproport ionately responsible  for the sub - fert i l i ty of some 

hor s e  popu l atio ns , through inferti l ity , sub - ferti l i ty and generating 

abnorma l off spring .  

Five hors es were inves tigated . One ,  a XY /XYY /?XO mosaic / chimaeric 

sta l l ion was ful ly ferti le . However ,  he sired an XO st i l l - born 

fi l ly .  Limited studies of three of his relatives and three of hi s 

o ther progeny , sugges ted the possib i l i ty of cytogenetic anoma l ies  in 

tha t  kinshi p .  He was the first  reported sta l l ion with an XYY line , 

and his XO fi l ly was the first  reported sti l l -born foal with a chromo­

some abnorma l i ty .  

Two 64 , XX / 65 ,XXY mares wi th no physical signs of intersexua l i ty 

were studied . One was infert i l e ,  however , there was insufficient 

information to assess the o ther mare ' s  fert i l ity . An infert i l e  mare 

was di scovered and inves tigated in depth , whi ch had 65 , XXX/65 , XXY/ 

64 , XX/ 6 6 , XXY / 6 6 , XXXX mixopl oid mosaic/chimaeri sm , al though she was 

primari ly a tri p l e-X mare . The fourth mare was primari ly thought to 
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be a pro l i f e rative mosaic , whi c h  exhibited mitotic ins tabi l i ty .  Post  

mortem evidence , however , confirmed that she had been cytogenetical ly 

abnorma l and that she probably was a mosaic / chimaera. 

Aside from one XX/ XXY mare , whi ch had been born wi th congenital 

defec t s , the re was no thing ei ther in t he hi story or phenotype of these 

f ive horses  to dis tingui sh them from o ther Thoroughbreds. Only one 

i i i  

o f  the mares  was presented fo r ana l ys i s  because of inferti l i ty ,  al though 

two of the othe r mares might have been termed " shy breeders". 

The discovery of al l the maj o r  sex chromosome aneuploid conditions 

infrequent l y  f ound in humans ,  XO , XXY , XYY and XXX , in the mosai c / chi ­

maeric cond i t i o n  among less  than 200 Thoroughbreds evaluated , suggested 

that chromo some anomal ies are preva l ent in the Thoroughbred population. 
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CHAPI'ER I 

INTRODUCTION 

1 . 1 .  Inferti l i ty in the Domestic Hor se  (� . cabal lus cabal lus ) : The 

Aims of thi s Study. 

It has become accepted that t he horse i s  probably the least 

fecund of domestic  animal s  (Day , 1 9 40 ; 1 9 5 7 ; Bergin , 1969 ; Osborne,  

1975 ) .  The Thoroughbred breed , in particular ,  is  considered the 

least  prolif i c ,  with wor ldwide live - foa l rates r anging between 50 

and 70 percent (El l iot et al . ,  1971 ; Dewes ,  1973 ; Laing and Leech , 

1975 ; Von Lepe l , 1975 ) ,  and low estimated initial  conception rates 

of  approximately 70 percent ( Hutton and Meacham, 1968 ; E l l iot et al . ,  

1 9 7 1 ; Osborne , 1975 ) .  

The reasons for this low fecundi ty are multifactoral , however , 

some aspect s  of poor ferti l ity in individual mares are simi l ar to 

tho se of women : some mares never breed ; other mares may only breed 

once in a l if e- t ime , di splaying simi lar i t i es to precocious menopause ; 

o ther mares may conceive but consi s tently abort ; whi l e  some mares ,  

akin to primary amenorrhoea , never show oestrus . In many women such 

irregularities  have been found to have a high correlation with cyto­

genetic abnorma l iti es . The predominant chromosome abnormality involved 

i s  bel i eved to be suspected or confi rmed mosaicism (Hamerton , 1 97 1 ; 

McDonough et a l . , 1977 ) .  
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On the other hand , in males  of several species , chromosome 

abnormalities have been implicated in poor reproductive performance . 

An hereditary tendency for chromosome abnormalities was identified 

in a bu l l  (Rieck et a l . , 1970 ,  1974 ; Ri eck, 1973 ) .  Reduced fert i l ­

i ty was found in a 60 , XY / 6l ,XXY/59 , XO mosaic bul l ,  which had a high 

r ate of infert i l e  offspr ing inc luding one infertile  mosaic ( La j da 

e t  al . ,  1976 ) .  A range of ferti l i ty has been noted in haemopo i etic  

chimaeric  bul l s  ( Dunn et  al . ,  1979 ) .  Auto somal aneuploid mosai c i sm 

in swine was found associated with r educed fertility in two boars 

and two of  their chromosomal ly abnormal daughter s (Vogt et al . ,  1 9 74 ) .  

In E .  cabal lu s  cabal lus high estimated ear ly embryonic death 

( DuP lessi s ,  1 9 6 4 ;  Bain , 1969 ; Dawson , 1977 ) and high rates of foetal 

abortion of "unknown " etiology ( Dimock et al . ,  1947 ; Jeffcott and 

Whitwel l ,  1 9 7 3 ;  P lat t ,  1973 ) contribute markedly to the domesti c  

hor se ' s  poor re produ ction.  Research in cytogenetics has shown that 

the maj ori ty of conceptual loss in humans i s  due to chromos ome abnor ­

mal ities ( Boue and Bou�, 1973 ; 1 9 74 ; Hasso ld e t  al . , 1978 ) .  A t  l east 

80 percent of mid- term spontaneous abortuses are chromosomal ly 

abnormal (Alberman , 1973 ; Boue and Boue, 1974 ; Hassold et al . ,  1978 ; 

Sutherland et a l . ,  1 9 78 ; Opti z  et al . ,  1979 ) .  A simi lar situation 

c ould exis t  in Eguidae . 

I t  has been suggested that there is a high risk of chromo­

somally abnormal parents generating chromosomal ly abnorma l offspring 

( Dewhurs t , 1 9 78 ; Heri tage et al . , 1978 ) .  Humans wi th abnorma l i ties 

of  the sex chromo some complement who are capable of reproduction,  

either spontaneously or fol lowing hormone therapy , with the exception 

of the XYY male and XXX femal e ,  are general ly thought to be either 

mosaics or chimaeras ( Morishima and Grumbach , 1968 ; Zah et a l . , 1975 ; 

Reyes et al . ,  1976 ; Kemmann et a l . , 1977 ; Dewhurst , 1978 ; Gemzel l  and 

S o l i sh,  1979 ) .  

The increasing r eports of inferti le XO mares (B lue , 1976 ; 

B lue et al . ,  1978 ; Bruere et al . , 1978 ; Trommer shausen- Smi th et al . ,  

1 9 79 ) ,  s trongly suggested that o ther karyotypically abnorma l  i ndivid­

uals exist within the horse popul ation. Therefore , it seemed 

reasonabl e  to propose that , . .  like humans ,  the maj ority of c.hromo somal ly 

abnormal horses coul d  be either mosaics or chimaeras , and that the 

mosaic/chimaeras con s t i tute a large "class" wi thin the po pulati on which 

contributes significant ly . to the subfertil i ty of that population . 
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One frequently finds report s  o f  individual s ,  of various species , 

wi th two o r  more different chromosome complements .  However , wi th the 

exception of the freemartin chimaeras , intensive studies of natural 

mosaic or chimaeric individ uals  are few .  In part , thi s  i s  due to the 

l imi tation of the numbers of ti ssues whi ch may be examined from l ive 

individua l s  ( e . g . , Burns et al . ,  1979 ) .  In human s ,  abortion mater ial 

has been s tudied extensively using cytogeneti c techniques , however , 

abort ion materi a l  seldom yields enough cel l s  even for the diagnosi s 
I' / 

of mosaic i sm ( e . g . , Boue and Boue , 1974 ; Hassold et a l . , 1978 ) .  In 

add i t ion , i n  humans investigations for chromosome abnormal i ties are 

rare ly attempted at death (Bauld  et al . , 1974 ; Suther l and et al . ,  

1978 ) .  Thus , the mos t  comprehensive and definitive study of a human 

mosaic i s  that of a foetus by Klinger and Schwatzer ( 1962 ) .  On the 

othe r  hand , Cytogene tici sts working wi th domestic animal s  lack the 

exten sive resources available to those studying humans (Basrur , 1974 ), 

and investigations of  mosaic and chimaeric individual s have been 

l imited. 

The obj ect of thi s  study was to i dentify and investigate 

individual horses with sex chromo .some mosaic /chimaeri sm. These mosaic 

or �himaeric individuals might be either steri l e  or ferti l e .  The 

fer t il e  individual s  may contribute to the poor fert i l ity of the domes­

tic horse by l ow fecundity or by generating disproportionately more 

chromosomal ly abnormal embryos ,  foetuses ,  and offspring wi th impaired 

fert i li ty .  

1 . 2 . Mo sai c i sm and Chimaeri sm:  Defini tions and Pos sible Relation 

to Inferti lity.  

1 . 2 . 1 .  Mosaici sm, Chimaeri sm and "Mosaic/chimaerism" : Definitions 

A mosaic i s  an individual with cel l  population s of more than 

one genotype derived from mutational or post- zygotic events ; whereas 

a chimaera i s  an individual wi th cel l  populat ions ari sing through a 

mixture o f  different zygotic genotypes (Benirschke , 1 97 1 ; Hamerton , 

1 9 7 1 ) .  I t  fo l lows that chimaerism in an individual can be proved 

only by genetic  evidence and in the absence of genetic markers it  

cannot be  proved that an individual is  not a mosaic ( Ford , 1969 ; 

Fitzgerald et a l . ,  1 9 79 ) .  
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S ince chromosome analysis  d ifferentiates cel l types , but does 

not always distinquish between chimaeri sm and mosaic i sm ( Ford , 1969 ; 

Basrur et al . ,  1970 ) ,  "mosai c / chimaerism" has been used throughout 

thi s  Thesi s to denote the presenc e of more than one cel l l ine .  A 

di s.tinction between mosaicism and chimaerism in mos t  cases has been 

made only in discussion and specu l ation as to the origin s  of the 

cel l line s ,  However , aspects of chimaeri sm and mosaici sm may differ 

in their inf luences on ferti lity . 

1 . 2 . 2 .  Chimaeri sm :  Types , Possib l e  Relation to Ferti l ity and 

Possible Predispo sing Factors .  

There are two general types of chimaeri sm relevant to 

fert i lity :  chimaeras of the endo- reticu lar sys tem, or "haemopoiet i c "  

chimaeras , and t rue chimaeras , o r  "whol e  body" chimaeras . 

1 . 2 . 2 . 1 .  Haemopoietic chimaer i sm 

Haemopoi etic chimaeri sm ari s es from placental vascular 

anastomosis . 1;,etween twin foetu ses . It i s  associated with the ster i l e  

freemartin inter sex condition in cattl e ,  sheep and goats (Benirschke , 

1 9 7 1 ; Jost e t  al . ,  1972 , 1975 ) ,  and may be implicated in t he impaired 

ferti l i ty of some heterosexual bu l l  twins ( Dunn et a l . ,  1979 ; Long , 

1979 ) .  

P lacental vascular anas tomo sis occurs in many species 

( Benirschke , 1972 ) ,  however , the freemartin intersex condition i s  

commonly found in cattle  (Li l li e ,  1917 ; Benirschke , 1 97 1 ; Jost e t  _al., 

197 2 ) . The ster i le freemart in i s  a physical ly modified genetic 

fema l e ,  whose non-haemopoieti c  t i s sues contain the normal XX sex 

chromo some consti tution although i t s  haemopoietic t i ssues may contain 

any proportion of XY ce l l s  ( Bru�re and McNab , 1968 ;  Benirschke , 1 9 7 1 ) .  

Simi !ar ly , in heterosexual bul l  twin s ,  which are usual ly ferti l e ,  XX 
cel l s  have not been identified in ei ther somatic or germinal ti ssues 

( Dunn et a l . , 1979 ) .  

In the domestic horse chorio-vascular anastomosis  is thought 

to  o ccur in approximate l y  50 percent of twin gestations (Bouters and 

Vandeplassche , 1 9 7 2 ; Spincemai l l e  et al . ,  1975 ) . Ho ,.,ever ,  the fr ee­

mart in condi t ion has not been identified in Eguidae ( Basr ur et a l . ,  

1 970 ; Vandeplassche et a l . , 1 970 ; S pincemail le et al . ,  1975 ) .  
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1 . 2 . 2 . 2 . Whole  body chimaer i sm 

In a who le body chimaera there is  a mixture of genotypes · 

di stributed throughout the body ( Ford , 1969 ; Benirschke , 1 9 7�. Hamerto �· 

1 9 7 1 ) .  These true chimaeras can deve lop from one ovum fol lowing di­

spermic fert i l ization , a lternatively , they can arise from the fus ion 

of two fer t i l i zed ova . 

Di spermy was thought to have occurred in humans (Gartler et �L, 
19 6 2 ;  Giblett et a l . , 1963 ; Zue l zer et al . ,  1964 ; Fi t zgera ld et a l . ,  

1979 ) ;  in catt l e  ( Dunn et a l . ,  1979 ) ; and in mice (Rus se l l  and Woodia4 

1 9 6 6 ) . The fusion of two fert i l i zed ova , whi le  considered possibl e ,  

has yet t o  b e  proved (Klinger and Schwarzacher , 1962 ; Ford ,  1969 ; 

Benirschke , 1 9 7 1 ) .  The maj or support for the possibil i ty of fusion 

has come from the frequency wi th whi ch mul tiovular fol licles  are found 

in neonate and infant human ovaries (Bacsick,  1950 ) .  In addition , a 

fami lial  chimaerism was found in a s train of mouse which premature ly 

produced uterine lysine ( Po lani , 1973 ) .  

The majori ty of individual s  identified as whole  body chimaeras 

have been heterosexual admixtures which had atypical sexual develop­

ment or were inferti l e  ( Ford , 1969 ; Benir schke , 1971 ) .  In humans ,  

such chimaeras may be hermaphrodi tes , normal females wi th gonadal 

dy sgenesis or norma l men and women ( Zuel zer et al . ,  1964 ; Bain and 

Scott , 1 9 65 ; Po lani , 1973 ; Fit zgerald et a l . ,  1979 ) .  

Aside from gross deve l opmental anomal ies that can occur in 

the heterosexual admixtures , there is evidence suggesting that the 

autosoma l  admixture of the chimaeri c  condi tion might predi spose to 

poor reproductive capaci ty through the devel opment of an autoimmune 

r eaction either against one cel l line or to wards a �peci fic type of 
cel l  o f  o ne l ine (Dunn �al . ,  1979 }. 

1 . 2 . 3 . Mo saicism :  Possible Impli cations in Infert i l i ty and Possible  

P redi sposing Fac tors.  

As  ·wel l as the sex chromosome mosaic condition being a 

r elat ively f requent finding in per sons examined for infer t i lity 

( Kj ess l er , 1 9 65 ; Miro et a l . , 1978 ; Hsueh et al . , 1978 ) ,  parental 

mosaicism has been suggested to con tribute significantly to concept­

ual loss by fert i l e  humans ( e . g . , Dewhur st , 1978 ; Heri tage et al . ,  

1 9 78 ) .  The r eport  of a subferti l e  bul l  with sex chromosome mosaicism 
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( Lajda , 1 9 7 6 ) and i solated report s  of sex chromosome mosaicism in 

infer t i l e  mares ( see section 1 .  7 A2 . )  suggests a relationship between 

mosaic i sm and ferti l i ty coul d  exi s t  in mos t  mammal s .  

A significant propo rtion of human sex chromosome abnormal ities 

are thought to occur in the mosai c  condi tion ( Hsueh e t  a l . , 1978 ; 

Maeda e t  al . ,  1978 ; Burns et al . ,  1 979 ) .  Even when the mosaic 

chromosome consti tutions do not apparently differ , a range of gonadal  

and morphol ogical expression of that condition can be f ound among 

individuals  (Richards and Stewart , 1978 ) .  

However , the possible  amounts of  differential expression by 

ce l l  l ines in an individual wi th sex chromosome mosai cism is limi ted , 

s ince the autosomes are identical in  al l the c e l l  line s .  On one l eve� 

differences in cel l cyc les , thought to be  influenced by differing 

amount s  of late repl icating heterochromatin ( Barlow ,  1972 ; 1973 ; 

Mi t twoch and Delhanty , 1972 ) , cou l d  direct ly affect ti ssue and organ 

formation.  On another leve l , diver se functioning of speciali zed 

sex-dependent cel l s ,  for example  the sex hormone sensi tivity of tar­

get cel l s  ( Dorner , 1975 ) ,  cou ld  indirectly  inf luence cel lu lar 

function . Thus the mere presenc e  o f  sex chromosome mosaicism in the 

embryo might inf luence subsequent f erti l ity through gross develop­

mental abnormal ities , whi le at the cellu lar level  it may influence 

sexual devel opment and eventual ly the reproductive capacity of the 

mature anima l . 

1 . 2 . 3 . 1 .  Factors which might predi spose to formation of mosaicism 

Some , i f  not al l ,  abnormal karyotypes may be predisposed 

to mosai c  formation . For exampl e , a considerable  number of XXY 

Kl inefe lter males are XY/XXY mosaic s  ( Hsueh et al . ,  1 9 78 ) and an 

increasing number of "XX" males have been confirmed as XX/XXY mosaics 

( Mi ro et a l . , 1978 ) .  MOst XY/XXY mosai c s  are thought to have origin­

ated from XXY zygotes ( Race and Sanger , 1 9 69 ) and if the most simple  

method of formation is considered , an XXY origin cou ld be  postulated 

for XX /XXY mosaic s  ( Ford , 1969 ) .  

The event s  leading to the f ormation of a zygote with an 

abnormal karyotype might predi spo s e  to formation of the mosaic 

condi tion in such conceptuses . That is , factors that influenced the 

meiotic process resulting in an aneuploid gamete , migh_t . . al s .o . hav� had 

an inf luence on the cleavage and/or mitotic processes of the conceptus .  
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In humans ,  the f requent association of certain conditions with 

monosomy-X patients and their relatives , and other cond !�ions with 

sex- chromatin positive Kl inefe lter ' s  syndrome patients  and their 

relative s ,  l ead medical researchers to suggest an etiol ogical rela­
tionship between the conditions and the cytogenetic abnormality 

(Nance and Uchida,  1964 ; Fialkow, 1966 ; Val lotton and Forbes , 1 9 67 ; 

Nielsen et al . ,  1969 ; I rvin et al . ,  1970 ; Hsueh et al . , 1978 ) . 

In addition , mosaicism has been suggested to be a manifest­

ation by s truc tura l ly abnormal chromosomes towards mitoti c  instabi lity 

( Mori shima and Grumbach , 1968 ; Armandares et al . ,  1977 ) .  Minor 

structural chromosome rearrangements have also been i mplicated in 

abnormal meios i s  in some human s with poor fertility ( Ford and Leste� 

1978 ; Gustavson and Kj ess l er , 1978 ; Heri tage et al . ,  1978 ; Karden et 

al ., 1 9 80 ) . In-vi tro cul tures  of cel l s  from phenotypica l ly normal 

per son s wi th structural rea rr angements of a chromosome , such as a 

peri- centric inversion , have demonstrated significant karyotype 

alterations and mi totic ins tabili ty ( Fr yns et al . ,  1978 ; Ford and 

Les ter , 1 9 78 ) .  

1 . 2 . 3 . 2 .  T he formation of mosaici sm 

Mosaic i sm resu l t s  from an error during any phase of either 

cleavage or mi totic  divi sion . Er rors occuring during metaphase are 

probably associ ated either wi th mis-migration of . the centrioles at 

the s tart of metaphase
1 

or mis - alignment of the chromosomes at the 

metaphase plat e .  Both non-disjuction ( fai lure of the two chromatids 

to move to opposite po les ) and anaphase lag ,  where a chromatid is 

exc luded from both daughter ce l l s  due to fai lure of spindle apparatus 

and chromatid interaction , are errors o f  Anaphase . Telophase errors 

are related to mal functions of cytoplasmi c systems whi ch i nfluence 

cytokinesis .  E rrors of chromatid replication are associated wi th 

in terphase and prophase . 

1
centrioles are not norma l ly present during the first few c leavage 
divi sions ( S zol l osi , 1 9 73 ) .  
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1 . 3 .  Factors Affecting Mosaic/ Chimaeric  Composition and their 

Interpretation 

A lthough studies of mosaic /chimaeri c  individual s  have been 

l imi ted , the phenomena of mosaicism and chimaeri sm have been used 

extensively in experimental systems to explore aspect s  of cel lular , 

developmental and reproductive bio logy ( Mintz , 1968 ; Nesbitt and 

Gar t l er ,  1971 ; Lyon , 1972 ; Min tz , 1974 ; Tucker e t  al . ,  1974 , 1978 ; 

Gart l er and Andina, 1976 ) . 

The relative developmental stage at which mosaic / chimaerism 

ari ses ; the sampl ing of the precursor poo l s  by ti ssue primordia ;  

s e l ection in- vivo ; differential prol iferation , cel l  migration , ad­

mixing of germinal t issues and clonal growth ; can a l l  affect the 

mos aic/ chimaeric composition of  an individual ( Ford , 196 1 ; Gart ler 

and Linder , 1 9 64 ; Ford, 1969 ; Nesbitt  and Gart ler ; 1971 ; Fialkow , 

1973 ; Falconer and Avery , 1978 ) .  

Theories  of patterns of tissue morphogenesi s ,  cel l  cycles , 

cel l selection , ce l l  lineage relationships  and primordial cel l  pool 

si ze estimation , derived from mo saic / chimaeric  experimental systems 

have been used to interpret an apparent mosaic/ chimaeric  condition 

in individual s  (Brown and David , 1969 ; Nesbi tt , 197 1 ; Nesbi tt and 

Gar t ler,  1971 ; Lyon , 1972 ; Bar low ,  1973 ; Fialkow , 1973 ; Gart ler and 

Andina ,  1976 ; Falconer and Avery , 1978 ) .  

1 . 4 . Aspec ts of the Cytogenetic  Evaluation of  Mosaic/Chimaeri sm 

1 . 4 . 1 .  Chromosome Preparations from Cu l tured Cells in Relation 

to the In-Vivo Mosaic/Chimaeri c  Condition. 

To assume the evidence of chromo some preparations from 

cul tured cel l s  ref�ects the in-vivo s i tuation in a mosai c/chimaera 

one must , in the f ir st place , postulate that the .sample cultured was 

representative . One further assumes that al l ce l l  lines were equal ly 

a�fected duri?g t ransfer to culture cond i tions , and that nei ther 

differential growth nor a difference in viabi l i ty exi sted in-vi tro 

between cel l l ines . In addit ion , i f  an in-vitro clone line has 

occurred it i s  assumed that i t  can be identified and like cel ls  

representing incidentia l ( artifactual ) events  during culture and 

harves t  be excluded from evaluation (Po lani , 196 1 ; Becker et a l . , 
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1 9 6 3 ; Hamerton, 1971 ; Lit t l efield and Mail hes , 1975 ; Benn , .. . l9T7.P. ;.. - , ,  

Wah l strom, 1 9 78 ) .  

1 . 4 . 1 . 1 .  Representativeness  of  sample :  variation in expression of 

� mosaic/chimaeri c  condi tion 

There are many forms of expression of mosaic/chimaeri sm in 

i nd ividual s .  One l ine may be so minor as to be virtual ly undetectab l e  

( Fryns e t  al . ,  1978 ; Wi l roy et al . ,  1978 ; Genest , 1979 ) ,  a l ine may 

be l imi ted to one or two t i ssues ( Carr et al . ,  1962 ; London et al . ,  

1 9 64 ; Basrur et al . ,  1969 , 1970 ; Mi ttwoch and Delhanty , 197 2 ;  Bidot­

Lopez et al . , 1978 ; Wi l roy et al . , 1978 ; Burns et al . ,  1979 ) and 

variou s  degrees of mosai c i sm can occur in various ti s sues (Gar t l er 

et a l . ,  19 6 2 ; Kl inger and Schwarzacher , 196 2 ;  Lewis et al . ,  1963 ; 

London et a l . ,  1964 ; Basrur e t  a l . ,  1969 , 1970 ; Dunn et al . ,  1970 ;  

Tay lor , 1970 ; Dain and Bridge , 1978 ) .  The proportions of the cel l  

l ines  can vary within regions  o r  samples  of the same tissue (Gar t l er 

et a l . ,  196 2 ;  Lewis et a l . ,  1963 ; Becker et a l . ,  1963 ; London et al ., 

1 9 64 ; Gemzel l  and Solish ,  1979 ) .  In addition ,  morphol ogic or genetic 

evidence may suggest that a s tem cel l  l ine had been lost , as in the 

rare cases of Turners syndrome males and human intersexes when 

mo sai c / chimaerism was not found ( de l a  Chapel l e  et al . ,  1964 ) .  

A sample  may represent a tissue only at the time at which i t  

was taken . Apparen t  shifts  in the proport ions o f  cel l types present 

in a mo saic/ chimaera may ref lect sampl ing erro r , relate to physio­

l ogical differences , or may truly ref lect f luc tuations occuring 

i n - vivo (Gart ler , 1964 ;  S tone et al . ,  1 9 64 ;  Chaudhur i et al . ,  1977 ; 

Fan et al . ,  1 9 77 ) .  Non- spec ific variation over time in propor tions 

of abnormal cel ls in sex chromosome mosai c s  was found by Rei talu  

( 19 6 7 ) and Tennes et al . ( l 9 75 ) .  In  tetraparental sheep chimaeras , 

no evi dence of variation \·:as reported in the propor tions of phyto­

haemaglutinin stimu lated lymphocytes , however signi ficant variation 

over time was found in proportions of different red-cell  types 

( Tucker et a l . ,  1974 ,  1 9 78 ) .  Variations in proportions of erythro­

c y te types was also sugges ted to occur in catt l e  haemopoietic chimaeras 

( S tone et a l . ,  1964 ;  Dunn et a l . ,  1979 ) . In cattle haemopoietic chi ­

maeras sampl ed at various ages , however , G reene et al . (l9.7.7 )_ found no 

evidence of a change in the proportions of mi totic lymphocytes . There 

appeared to be some variation in some anima l s  but not in others when 
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s imi lar sheep chimaeras were investigated for variation in propo rtions 

of mi totic lymphocytes ( Bruere and McNab , 1 9 68 ; Dain , 1974 ) .  

1 . 4 . 1 . 2 . Di fferential viabi l i ty and growth of c el l  l ines in cu l ture 

Boue and Boue ( 1 9 73 ,  1974 ,  1976 ) reported an overall  slower 

generation time and decreased life span of aneuploid cell  cultures 

initiated from spontaneous human abortion material .  Angel ( 19 69 ) and 

Bar low ( 19 7 2 , 1 9 73 ) found a significant decrease in the mi totic cyc l e  

o f  XO cel l s  in cultures derived from live born human aneuploid individ­

ua l s .  Simi lar ly ,  Bar low ( 19 7 2 )  found the same di sparity in mi totic 

cyc l e  duration between cell  types in XO mosai c cel l cultures . A scale 

of pro l iferative advantage ( different ial growth ) was postulated in 

inverse proportion to the amount of heterochromatic chromosomal mate­

r i a l  present , i . e . , XO- XY-XX-XXY-XXX- XXXY-XXXX ( Mi ttwoch et al . ,  1969 ; 

Bar low ,  1 9 7 2 , 1 973 ; Mi ttwoch and Delhanty,  1 9 72 ) , 
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1 . 4 . 1 . 3 .  Natural , ar tifactual and symptomatic aneuploidy and hyperploidy 

Although in both sexes age re lated aneuploidy was character­

i zed by ei ther loss or gain of sex chromosomes ,  there was a marked 

increase in age related somatic cell  aneuploidy in women (Jacobs et 

al  . . .  , 1 9 63 ; Lawler and Reeves , 1976 ; Fitzgerald  and Mc:E\-Jan , 1 977 ; 

Gal loway and Buckton , 1 9 78 ) .  The degree of loss  wi th age of sex 

chromosomes appeared to vary from ti ssue to t i s sue ( Fang et al . ,  1975 ; 

Shoemaker , 1 9 77 ) . Shoemaker ( 1977 ) suggested that age related aneu ­

p l oidy may only be important in those tissues wi th a high mitotic 

rate , Fur ther , a signi ficant increase in aneuploid cel ls was found 

in cu l tured cel l s  from individual s  wi th minor structural chromosome 

rearrangements ( Ford and Lester , 1978 ; Fryns et al . ,  1978 ) .  An increase 

in aneuploid cel l s  wi th age was found in ewes ( Bruere , 1966 ) ;  however 

l evel s  of natural aneuploidy have not been determined for. other 

domestic animals . 

Po lyp loid cel l s  occur normal ly in some ti ssues ( Stern , 1958 ; 

Bain and Gauld , 1964;  Lancet , 1964 ) and occur in-vivo in some patho­

logical conditions ( Freedman et al . ,  1964 ;  Lancet , 1 9 64 ) . On the 

o ther hand , hyperploidy in cel l cul tures was thought to probably rep­

resent a non - specific response to a variety of conditions ( Lancet , l9 64 ; 

Fialkow , 1 9 66 ) ,  such as pH changes ou tside a very narrow range ( Ford , 

1 9 73 ;  Inga l l s  and Shimada , 1 974 ) .  Hyperploidy can a lso be increased 



s ignificantly i f  a cu l ture contains a s tructural ly abnormal chromo­

some ( Ford and Lester , 1978 ) and may be increased if chimaerism i s  

p resent (Martin and Sprauge , 1 9 69 ) .  

1 . 4 . 1 . 4 . Mi togeni c  stimulation and mi totic inhibi tion : possible 

harvest artifact s  specific to mosaic / chimaeric condi tion� 

No evidence was found that two c e l l  populations influence each 

o ther with respect to the duration of thei r r espective cell cyc les 

in- vitro (Barlow ,  1 9 7 2 ) .  At harves t  only tho se cel l s  whose susceptibl e 

mi totic phase intersec ts the mi totic  inhibi t ion period wil l  be sampl ed 

( Rotenberg , 1977 ) .  Therefore , in mosai c /chimaeric cell cul tures , i f  

the c e l l  cyc les differ , and i n  l eucocyte cul tures if either the 

sensi t ivity of the l ines to the mi togen differ (Younkin , 1972 )  or  the 

pha ses of the cell lines present differ in the i r  susceptibility to 

mi togenic stimulation ( Chauduri et al . ,  1 9 77 ; Fan et al . ,  1977 ) , cyto­

genetic analys i s  of cul tured cel l s  may ref l ec t  thi s rather than the 

t rue mosaic/chimaeric compo si tion . 

1 . 4 . 2 .  Mosaic/Chimaer i sm and Sex- Chromatin 

Barr and Bertram ( 1 949 ) di scovered that  the small , stainable  

( chromatin ) body , which cytolog�s t s  had often described in  the nuc l ei 

of mammal ian nerve cel l s ,  was present only i n  females . In 1959 Ohno 

and co l l eagues demons trated that thi s chromatin body was derived from 

a s ingle X- chromosome , and Lyon ( 19 6 1 ) presented the hypothesi s  that 

the Barr body was the cytol ogical manifestation of under lying genetic  

i nactivation . 

The sex- chromati n ,  X- chromatin or  Bar r  body i s  a charac ter­

i st ic mass  of chromatin found wi thin the nuc lei  of some interphase 

somatic cel l s  of norma l XX female  animals  ( Moore , 1966a ) . The loca­

t i on of a Barr body within the nuc lei  can vary depending upon the 

ti ssue type , the devel opmental or maturational stage of the ti ssue 

or ·cel l ,  specific interc e l lular metabolism,  and the presence of ab­

normal physiological and pathological condi tions ( Bertram ,  1 966 ; 

K l i nger , 1966 ; Plotnick e t  al . ,  1 9 7 1 ) .  

Not all  cel l s  show a sex- chromatin body and its absence does 

not necessari ly indicate that al l X- chromo some s  are not present ( in 

a female ) or that they are active ( Lyon , 1 9 72 ) . The proportion of 

c e l l s  in a normal female  that displayed a Barr body was found to vary 

bo th between and wi thin spec i es , as wel l  as between tissues of an 
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individual ( Barr , · l 9 66 ; Lyon , 1972 ; Shoemaker , 1 9 77 ) .  However , the 

maj ority of that variance was thought to be due to technical problems , 

for exampl e  tissue selec tion, poor fixation and embedding and section­

i ng ti ssues too thinly ( Barr , 1966 ; Klinger , 196 6 ;  Lyon , 1 9 72 ) .  The 

variation i n  the frequency of sex- chromatin bodies found in normal 

women , hm:ever , mean s that sex- chromatin studies have limi ted value, 

by themselves , as a test for low l evel mosaicism in humans (Lennox , 

1 9 6 6 ; Hamerton , 1971 ; Rary et al . ,  1978 ) .  On the other hand, techni ­

ques developed for the identification of "Y" chromosome chromatin 

( Pearson et al . ,  1 9 70 )  have been successful in i dentifying low l evel 

"Y" chromo some mosai c i sm in humans (Reti ef et al . ,  1975 ; Miro et al . ,  

1 9 78 ) .  However , no report was found ei ther of the use of these 

techniques or their application to domesti c animals . 

In domestic animals , particularly ruminants and horses , few 

t i s sue s other than nerves can be examined for sex- chromatin because 

of the presen ce of large course chromatin bodies in the interphase 

nuc l eus ( Moor e ,  1966c ; Bruere and McNab , 1 9 6 8 ) . However , strong 

sex dysmorphi sm for sex- chromatin bodies is present in the neurons 

of domesti c animals and sex-chromatin studies of neurons are a 

rel iable indi cator of genetic sex .  In haemopoi etic chimaeric free­

martin sheep , Bruer e and McNab ( 19 68 ) found significantly fewer 

sex- chromatin bodies than in contro l e�ves , \vhich they considered 

pos sibly due to the influence of the chimaeric c ondi tion on metabo l i c  

processes . 

In the domestic horse , sexual dysmorphi sm was repor ted in 

nerve c e l l s , epi thel ium and smooth muscle of the duodenum , the \val l s  

of large blood vess e l s  and cu ltured skin ( Hoshino and Toryu , 1959 ; 

Moore , 1 966c ) .  Sex- chromatin has been reported as part of the evalu ­

ation of hor s es w i th chromosome o r  phenotype abnormal i ties as 

fo l lows : oral mucosa ( Basrur et al . ,  1969 ; Gluhovschi et al . ,  1 9 70 ) ; 

conjunc tival mucosa (Gluhovschi et al . ,  1970 ) ; ovarian st roma and 

epi thelium of blood vessels  ( Mci lwrai th et al . ,  1976 ) ; gonadal ti s sue 

( Bielanski et al . ,  1 9 77 ) ;  and neurons of the spinal cord and cerebe l lum 

( Blue , 1976 ; Blue et al . ,  1978 ) . 

1 4  



1 . 5 .  Atypical Development and Cytogenetic Abnormal i ties 

The rate of growth of t i s sue s ,  organs and the individual are 

dependent on the l ength of the cel l cyc l e  and the life span of the 

constituent cel l s . In individual s wi th chromosome anomal ies , decreased 

rate of growth has been pos tu lated to cause asynchronous ontogeny , 

di sturbanc es  in normal embryoni c induc tion mechani sms , reduced s i ze 

and reduction in the numbers of cel l s  in various organs , growth di s ­

o rgani zation , di sturbed intr a - uterine homeos tas i s  and most human 

abortions ( Barlow ,  1973 ; Beni rschke , 1973 ; Cure et al . ,  1973 ; Phi lipp� 

1973 ; Poland and Mi l l er ,  1973 ; Boue and Boue', 1 9 74 ;_ Po.l.a� 1974 ;  

Go l bus , 1 9 78 ) .  In addi tion , studi es uti lizing the expression of genes 

on sex chromosomes rai sed the ques tion of  whether abnormal sex chromo­

some inac tivation contributes to the atypical phenotypes of some XXY 
ma les , tri plo-X females and pos sibly some XX females (Beutler , 1 9 64 ; 

Lyon , 1972 ; Buhler , 1977 ; Kamoun et al . ,  1978 ; Wachtel , 1980 ) . 

However , in some s ex c hromosome aneuploid individual s and 

hetero sexual ,chimaeras an abnormal i ty in rate of growth may be mani ­

fes t  only in tissues involved in r eproduction , such as the fai lure of 

gonadal -ge rm cel l interact ions ( Singh and Car r , 1966 ; Kennedy et a l . ,  

1 9 77 ; Luci ani et al . ,  1 9 77 ; H�j ager et al . ,  1 9 78 ; Rivel is et al . ,  

1 978 ; DeVi c tor  et al . ,  1979 ; Cunha et al . ,  1980 ) . 

Germ cel l devel opment i s  pos sible in females wi th abnormal 

sex chromo some complements . Ova are known to exi st in XO mice 

( Wel shons and Ru ssell , 1 959 ; Morri s ,  1968 ; Lyon and Hawker , 1973 ) ,  

infan t  XO girls  ( Conen and Glas s ,  1963 ; Singh and Carr , 1966 ; Carr 

et al . ,  1968 ) ,  a few XO women ( Kammann et al . ,  1977 ; Phi lip and Sel e ,  

1 9 77 ; Dewhurst , 1978 ; Mageni s and Bennett , 1 9 78 ) and mos t  triplo-X 

women (Dewhurs t ,  1978 ) .  S tudies of the expression o f  genes located 

on sex chromosomes has l ead to knowledge of sex chromosome activity 

during gametogenesi s (Epstein , 1969 ; 19 72 ; Gar tler  et al . ,  1973 , 1975 ; 

Gar t l er and Andina , 1 9 76 ; Buhler , 1977 ; Migeon and Jelalian ,  1977 ; 

Burgoyne , 1978 ) .  Simi l ar studies of aneuploid ova confirmed that 

these cou l d  complete the meioti c  process and a l so suggested that an 

al ternative (non- random) meiotic segregation mechanism preferential ly 

formed normal gametes ( Kaufman , 1972 ; Burgoyne and Biggers , 1976 ; 

Luthardt , 1976 ; Monk and Kathuria , 1 9 77 ; Monk and Harper , 1978 ) .  
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1 . 6 .  Fami ly EQUIDAE 

There i s  a relatively prolific  fossil  record of the fami ly Eguidae 
since i t s  proposed branching from the Per i ssodactyl stem approximately 
56 mi l l ion years ago ( Axe , 1 907 ; Simpson , 1950 ;  Wi l loughby , 1974 ) . Tax­
onomi sts differ in the i r  c lassification of the surviving members of the 
Genus Eguus ( Simpson , 1 950 ; Wi l loughby , 1974 ; Klingel , 1975 ; Short , 
1 9 75a ) .  In thi s Thes i s  the taxonomic c lassification of sub- spec ies of 
�· cabal lus ( sp )  has been used for the domestic horse (�. £. caba l lus ) 
and Przewat'ski i '  s horse (�.  £ ·  przewalski i  ) ( Simpson , 1950 ; \H l loughby , 
1 9 74 ) , because thi s i s  con s i s tent wi th karyotype simi larities and the 
known ferti lity of thei r hybrids ( Chand ley et al . ,  1975a ; Ryder et al . ,  
1 9 78 ) . 

1 . 6 . 1 .  The Karyotypes of EQUIDAE 

Bush et al . ( 1 977 ) calculated that Eguidae exhibit the highest 
rate of chromosomal evolution amongs t  animals , since they had evo lved 
from a common ancestor wi thin the last four to f ive mi l l ion years and 
have devel oped such divergent karyotypes ( see Table 1 - 1 ) .  

Tab l e  1 - 1  

Extant members of the family Eguidae . 

CLAS S I F I CATION COMMON NAME 2N N . F . 
-- ---

E. cabaZ Zua przewaZakii Prze�a1ski i ' s  �i1d horse 66 92 

E. cabaZZua cabaZ Zua domes t i c  horse 64 9 2  

E. aainus aainua ass , donkey 6 2 102 

E. aainua africanus 

E. asinua somaZunais 

E. hemionua onager onager 56 102 

E. hemionua ku Zan kulan 5 5 , 54 

E. grevyi Grevy ' s  zebra 46 80 

E. burche ZZi boehmi Gran t ' s  zebra 44 80 

E. burcheZ Zi burche Z Zi Burche 1 1 ' s  zebra 

E. burche Z Zi se louae 

E. burcheZ Z i  antiquorum Chapman ' s  zebra 44 

E. zebra hartmanne Hartmann ' s  mountain zebra 32 6 2  

E. zebra zebra Cape mountain zebra 3 2  

2 N  • d i p loid number 
N . F .  • number of chromos ome arms 

( a f te r  Ryde r ,  1 9 7 8 ; Ryder et aZ • •  1 9 7 8 )  
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The dominant trend of karyotype change in Eguidae has been 

said to be· toward s  reduction in the number of chromosomes (Wurster 

and Benirschke , 1968 ; Ryder , . 1978 ) .  Equidae • s  neares t  relative s ,  

the Rhinocerotidae. whi ch exhibit the highes t  known diploid number of 

ei ther ungu l ates or mammal s2 , were believed by Wur ster and Benirschke 

( 1968 ) to pos sess  a karyotype very l i ttle  changed from the suggested 

common Per i s sodac tyle one . 

The app l i cation of differential s taining techniques to members 

of the Eguidae fami ly has shown that centromere fusion ( Robertsonian )  

mechani sms are alone insufficient t o  expl ain the differences in karyo ­

types among the species (Ryder et al . ,  1 9 78 ) . A Robert sonian mechani sm 

i s  evident i n  the separation of the karyotypes of the sub- species � ·  

hemonus onager and � ·  E ·  ku lan (Ryder , 1 9 78 )  and the sub- species � .  

caba l lu s  cabal lu s  and � - £ •  przewal skii ( Chandl ey et al . ,  1 9 75a ; Short , 

1975a ; Ryder et al . ,  1 9 78 ) . 

However , complex inter - chromosomal and intra- chromosome 

rearrangement s  separate � .  asinus , � - hemionus and � .  zebra hartmannae 

from � .  caba l lus ( sp )  ( Ryder et al . ,  1 9 78 ; Ryder , 1978 ) . Moreover , � ­

asinus deviates from a l l  the Equidae by possessing an atypical submeta­

centric X- chromo some , which together with morpho l ogical and biochemical 

evidence , implied that � .  asinus i s  physically and karyologically 

neither in direct  l ineage nor an intermediate evo lutionary form of the 

other extant Eguidae ( Ryder et al . , 1 9 78 ) . 

The evidence from sub-chromo some studies  of Eguidae suggested 

that if the re was a common Eguidae karyotype , at some time a cytolog­

ical populat ion arose wi thin it which gave rise  to the E .  caballus  ( sp )  

karyotype and that probably much later the cytological populat ions of 

the ancestra l zebras and ancestral asses also developed £rom the common 

Eguidae karyotype . 

1 . 6 . 2 . Eguine Hybrids 

The mammal ian fami ly Eguidae i s  remarkable for i ts abi l i ty to 

form interspecific  hybrids , even between animal s  wi th extremely 

2 Diceros bicorni s ,  2N = 84 ; Ceratotherium sinum and Rhinoceros 
unicorni s ,  2N = 8 2 .  
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different numbers of chromos omes as shown in Table 1 - 2 .  Al l such 

hybri ds , with the exception of the " intra- specific" ,E! • .£· cabal lus/ 

E .  c .  przewal ski i cro sses , have been infer ti le ( Short , 1975a ,b ) . 

!:. 

E. 

E. 

!:. 

E:. 

E. 

E. 

Table 1 - 2  

Equine Hybrids 

!:. przeualakii !:. caballus !:. asinue !:. hii"nti.onua !:. greuyi E. burcha lli  
N . F .  - 92 N . F .  - 92 N . F .  - l02 N . r .  - l02 N . F . •  80 N . F . - 80 

pr••uJa lskii 
f e r t i l e  

2N • 6 6  211 - 65 

caball1.4B fl!rtt l e  a t e  r i l e  
2N • 64 2N • 65 "Hinny" 

2 N  • 63 

a• i""' a t e r t l e  u e r 1 l e  
2H • 62 '"Mule" 

2M • 63 

hsnUmus s t e r i l e  s t erile s t e r i l e  
2N • 5 5 , 5 6  2N • 5 9  

gr.TJyi s t e ri l e  a t e r i l e  unknovn 
2M • 46 "Zebrule" 2M • 45 

2N • 55 

burchetli a t e  r i l e  a t e  r i l e  a t e r t l e  
2N • 4 4  "Zebryde" 

2 N  • 53 

••bra a c e  r U e  a t e r i l e  a u r l h  
2 N  • 32 ''Zebrule" 

B•nir •chka £! � · . 1 96 2 ;  T ru j i l lo .!£. .!.!· , 1 9 6 2 ;  Klna .!.!, .!! · ,  1 9 6 6 ;  Hau a.nd Bt:nluchke, 1969; 
Cray, 1 9 7 2 ;  Hafe&, 1974; Short !!. .!!· ,  1974; UU toushby, 1974 ; Cha.ndley .!!. !.!.· , l975a; Hannn, 
1 9 7 5 ;  Shor t ,  L 9 7 5a , b ;  E ldridge and Su�uki , 1976 ; Ryder !! !.!.· , 1978. 

E. .. bra 
M . F . •  62 

uert le 

• t e r U e  
"Zcbre t "  

2N • 48 

a u r i le 

1 8  



1 . 7 .  Cytogenetics  of E .  cabal lus  c abal lus 

1. �  7 . 1 .  The Normal Karyotype of �· .£· caba l lu s  

1 . 7 . 1 . 1 .  Chromosome identification 

The chromosomes of the domestic  horse have been defined by 

centromere index ( ratio of arm l ength ) and differential staining 

( banding )  ( Hagel torn and Gustavsson ,  1 9 74 ;  Chandley et al . ,  1 9 75b ; 

Buckland e t  al . ,  1 976 ; Melchior and Hohn , 1 9 76 ; Ryder et al . ,  1 9 78 ; 

Trommer shausen- Smi th et al . ,  1 9 79 ) .  

I dentifi cation of individual chromo somes was at first  

l imi ted to gros s morpho l ogical differences such as s ize and relative 

l ocation of the centromere . Early i n  the 1 9 60 ' s autoradiography was 

developed which allowed identifi cation of the late rep l i cating 

X - chromosome (Basrur , 1 974 ) and toward the end of the 1960 ' s a l l  

chromosomes could  b e  individually i dentified b y  differential s taining . 

T .  0 .  Casper sson and col l eagues ( 1 968 ) revolutioni zed 

cytogeneti c s  wi th the ini tial di scovery of di fferential s taining 

( banding ) techniques , which linearly di fferentiated chromosomes  by 

c reating transverse bands . There are numerous methods avai lab l e  for 

obtaining bands , but basica l ly they fal l  into three categori es .  These 

are the original f l ourescent Q- band s ; Giemsa or G- bands , which are 

s imi lar to Q- bands and are more commonly used ; and R -bands or reverse 

bands , which are the reverse of Q- bands and G - bands ( Lejune , 1 9 7 2 ; 

Basrur , 1 9 74 ;  Lawler and Reeves ,  1 9 76 ) .  

In addi tion , Pardue and Gal l  ( 1 9 70 )  devel oped C-band . . .  �.- . 

staining t echniques which differential ly s tain "consti tutive" hetero­

chromatin of the centromere regions , region s of  late replicating DNA, 

and secondary constrictions . C-bands have been used to identify 

centric fusion rearrangements and po lymorphi sms of the cen tromere 

region , bu t have contributed l i tt l e  to individual chromosome identi ­

fication ( Hagel torn and Gustavsson , 1 9 74 ) . Hm.;ever ,  the domestic 

hor se does have a very distinc tive C - banded X-chromosome , with a 

secondary dark staining band on the long arm (Blue , 1 9 76 ; Buckland 

et al . ,  1 9 76 ; Melchoir and Hohn , 1 9 76 ) .  

The X-chromosome in � ·  c .  caba l lu s  can usual ly be di stin­

gui shed by its size , its  two C-bands and i ts G - band pattern . The 

Y-chromosome i s  ind i stingui shable from sma l l er acrocentri c chromo ­

somes by si ze , or in some preparat ions by C - bands . By G- banding the 

19 



Y- chromosome has been described as staining palely wi th positive 

dark spots at the tips of the long arms ( Buckland et al . ,  1976 ) and 

uni formly staining dark ( Melchior and Hohn , 1 9 76 ) .  In both cases the 

Y- chromosome was said to be approximately the si ze of chromosome pair 

number 26 . 

1 . 7 . 1 . 2 .  Chromosome polymorphi sms 

The only C - band polymorphi sm reported in the domest i c  horse  

was that of chromosome pair number 1 3 , which was not found in  a l l  

animal s (Blue , 1 9 76 ; Buckland e t  al . ,  1 9 76 ) .  No G- band polymorphi sms 

had been reported in the hor se . However ,  relatively few horses have 

been examined c losely by means of differential s taining . Hatami ­

Monazah and Pandit ( 19 79 )  reported a diploid number of 65 in s i x  of  

the 1 7  Caspian Pony ' breed ' (� . £ ·  caba l lus ) animal s they investigated . 

Ho\<.-ever , they propo sed on the bas i s  of G-banding that this sub - fer t i l e  

' breed ' was ac tual ly a natural hybrid population of � - £ ·  cabal lu s /E . 

£ ·  przewal ski i which exhibi ted chromosome polymorphism . 

1 . 7 . 1 . 3 .  The karyo type of the domestic  horse 

Since 1 9 1 2  various di ploid numbers had been reported for 

the domestic horse  ( Makino , 195 1 ) ,  but Rothfe l s  et al . ( 1959 ) have 

been general ly credi ted wi th being the first to accurately report � ­

c .  cabal lus ' s  normal 2N value as 64 . Thi s f igure has been confirmed 

repeatedly ( e . g . , Benirschke et al . ,  1 9 62 ; Sasaki and Makino , 1 9 6 2 ; 

Tru j i l lo et al . ,  1 96 2 ;  Hsu and Benirschke , 1 9 67 ) .  

The normal chromosome complement of the domestic horse 

consists  of 3 1  (4  submedian , 9 metacentric and 1 8  acrocentri c ) auto ­

some pairs and two s ex chromosomes (Hsu and Benirschke , 1967 ; Mel chior 

and Ho hn , 19 7 6 ) . 

Whi l e  i t  was agreed that the X- chromosome was the second 

largest  chromosome , there was disagreement as to the location of i ts 

c entromere unti l differential staining confirmed that the X- chromo some 

i s  sub-metacentric ( Truj i l lo et al . ,  1 9 6 2 ;  Benirschke et al . ,  1 9 6 7 ; 

Chandl ey et al . ,  1 9 75b ; McFee.J,y , 1975 ; Buckland et al . ,  1976 ; Eldrj.dge 

and Blazak , 1976 ; . Melch�or. and Hohn , 1 9 76 ) .  The Y-chromosome 
cannot be dis tinguished in conventional ly s tained horse chromosome 

preparations and by custom has been accepted as the 37th acrocentric 

chromosome ( e . g . , Basrur et a l . ,  1969 ; Gluhovschi , 1970) . The 

Y- chromo some is , however ,  abou t the si xth smal l est acrocent ri c 

chromosome (Buckland et al . ,  1976 ) . 
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1 .  7 . 1 .  4 .  Arrangement of the karyotype of the domestic  horse 

There has been bas i c  agreement over the standard arrangement 

of � . £ ·  c abal lus chromosomes .  The format generally used has been 

that of Hsu and Benirschke ( 19 67 ) . For s imp l i c i ty ,  and in agreement 

wi th1 . the maj ori ty of authors ,  the same karyotype arrangement i s  u sed 

in this Thesis . 

When defined by gro s s  morpho logy there are three groups 

in the Hsu and Benirschke ( 19 6 7 )  arrangement :  

Group I :  cons i s t s  of 26 chromosomes in decending 

order of s i ze by pairs . Pair s  1 ,  3 ,  

4 and 1 3  are sub-metacentric and the 

remaining pai rs are metacentric .  

Group II : con s i s t s  of 36 acrocentric chromosomes  

in  descending order of  si ze in ' pairs ' . 

Group Ill : cons i s t s  of the sex- chromosome s . 

1 . 7 . 2 .  Abnormal  Karyotypes i n  the Domestic Horse 

Karyo types  containing an abnormal number of sex chromo somes 

have been reported in fnfer ti l e  mares with gonadal dysgenes i s  (Payne 

et al . , 1 9 68 ; Chandl ey et al . ,  1 975b ; Hughes et al . ,  1975a,  1 9 75b ; 

Hughes and Trommershausen - Smi th ,  1976 , 1977 ; Blue , 1 9 76 ; Blue et al . ,  

1978 ; Bru�re et al . , 1978 ; T rommershausen- Smi th et a l . , 1979 ) .  

Infer ti l i ty in XX mares  with hypoplastic gonads has been 

report ed ( Chandl ey et al . ,  1 9 75 ; Hughes et al . ,  1975b ) . It was 

sugges ted that the ,i nfer ti l i ty in such cases might be associated with 

an undetec ted 63 , XO l ine , or as in some humans migh t  be an inheri ted 

genetic  defect ( Trommershausen-Smi th et al . ,  1979 ) .  

The XY sex chromosome cons titution was reported in non - mo saic 

i nferti l e  mares with gonadal dysgenesi s  ( Chandl ey et al . ,  1975b ; 
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Hughes and Trommershausen - Smi th ,  1976 ; Kieffer e t  a l . ,  1976 ; 

Trommershausen - Smith et al . ,  1 9 79 ) .  Kieffer et al . ( 1976 ) considered 

thei r  case to be tes ticu l ar femini zation, Trommershausen - Smith et al • . 

( 1 979 ) sugges ted their anima l  was an exampl e  of pure gonadal dysgenes i s, 

whi l e  C handl ey et al . ( 19 7Sb ) proposed that their case might be 

ei ther . Al though of different etiologies both testicular femini zation 

and XY pure gonadal dysgene s i s  are considered genetic defec ts 

( McDonough et al . ,  1977 ) .  In addi tion , Sharp et al . ( 1980) reported 

a ferti l e  H-Y antigen po si tive mare whi ch they said had a 64 , XY 



chromo some consti tution , although no karyotype was presented in the 

paper . 

Other inferti le mares reported wi th abnormal karyotypes \·iere 

one Triplo-X (Chandl ey et .al . ,  1 9 75b ) and two mares with mosaic 

autosomal tri somy ( Chandley et al . ,  1975b ; Trommershausen- Smi th et 

a l . ,  1 9 79 ) .  

Al l those chromosomal ly abnormal mares were found through 

investigation of thei r inferti i i ty .  They presented no other c lin­

i cal abnormal ity .  One XO/XX mosaic was found i n  a random survey of 

yearl ings (Walker and Bruere , 1979 ; Appendix I ) .  

Inferti l e  hor ses  wi th abnormal s ex chromosome consti tutions 

have been identified because of phenotype ano ma lies ( Basrur et al . ,  

1 969 , 1 9 70 ;  Gluhovschi , 1970 ;  Bou ters et a l . , 1 9 72 ,  1 9 75 ; Dunn et 

a l . ,  1 9 74 ;  Fretz and Hare ,  1976 ; Mci lwrai th et al . ,  1976 ) .  In thi s 

c ategory could  be inc luded XX intersexes ( Borns tein , 1967 ; Gerneke 

and Coubrough , 1970 ;  Bielanski et a l . ,  1 9 77 ) .  

The three tables which fol low provide summari zed extracts 

of  the li terature of those reported cases where sup�ting cyto log­

ical  or morphological information was provided . Table 1-3 consists  

o f  XO  mares , Table 1 - 4  non-mo saic/chimaeric  horses o ther than XO 

mares and Table 1 - 5  mosaic /chimaeric  horses . 

I t  was no t po ssible to assign s pec ific detai l s  to the six 

new gonadal dysgenes i s  cases of Trommershaus en - Smi th et al . ( l9 79 ) 

because the information provided was no t i dent ified with specific  

anima l s .  Three of these horses were said to be 63 , X0/64,XY mosaics  

and one  a 6 3 ,X0/64 , XX mosaic . Two of  the s ix were investigated 

because of " short- l egged" proportions as foal s  and four were investi ­

gated because of  i nfertility · (Trommershausen-Smith et a l . , 1979 ) .  

Unpublished information on XO mares di scovered by the 

Cytogenetics Uni t at Massey University i s  presented in Appendix II . 

1 . 7 . 3 .  Inferti l i ty and Chromosome Anomal ies in the Domestic Horse 

1 . 7 . 3 . 1 .  Inferti l i ty :  comments £rr termino l ogy 

Defining ferti l i ty in a horse as having produced a l ive 

foal can be both too broad and too limi ting for ei ther an invest i ­

gation o r  a discussion o f  "inferti l i ty" i n  hor ses . It  can be 

questioned whether animals which never have had the opportuni ty to 

prove thei r ferti l i ty can be considered " infertile" . There i s  a 

2 2  



Ta.bl e  1 - 3  

Summary of pub l i shed reports o f  XO mares . 

AUTHORS BREED 
AGE 

T ISSUES 
CHRONOS<l!E COUNTS TotaF 

!year !I) � 6 2  6 3  6 4  265 

Payne � a l . , l968 TB 1 2  leucocyte - - - - 30 

We l sh 2 leucocyte l 5 28 - - 3 3  pony 
Chandley � _ti . , 

TB x i 1 9 75b 4 l eucocyte 2 47 1 - 50 ARAB 
ARAB - l eucoc yte .. , 1 2  29 0 - 41 

ARAB - l eucockte 6 1 7  - - 23 
Hughes !! _ti . , and s in 

1 9 75a , b ;  1977  ARAB l eucockte 7 23 - - 30 -
and s i n  

and 

Hughes and ARAB - leucocyte 5 20 - - 25 
Trommershausen -

Smi th,  1976 ARAB. - l eucocyte 6 1 7  - - 24 

ARAB - l eucocyte 7 26 - - 3 3  

ARAB - l eucocyte 6 1 6  - - 2 2  

QH 6 l eucockte 
and s in 5 44 - - 49 

QH - leucocyte 6 1 1  - - 1 7  

l eucocyte 1 3  3 0  0 0 64 

Blue !! _ti . , TB 4 musc l e  2 26 0 0 28 
1978 fascia 0 6 0 0 6 

mesentery 0 4 0 0 4 
r i gh t  ovary 5 1 5

. 
0 0 2 1  

SB 6 leucocyte 7 23 - - 30 

TB 7 l eucocyte . 5 33 - - 38 

B ruere !! �· , TB 6 l eucocyte 4 1 6  - - 24 
1 9 78 

TB 6 leucocyte 9 20 - - 29 

TB 9 l eucocyte J 47 - - 5 2  

Key : TB • Thoroughbred , QH • Quarter horse , SB • S tandard Breed 
*To t a l  = total ce l l a  evaluated 

KAR'iO EXTERNAL OESTROUS VAG INA, C ERVIX 
TYPE APPEARANCE BEHAVIOOR and VULVA 

63 , XO normal i rregu lar normal 
cycles 

63 , XO normal no cycles normal 

63 , XO normal no cyc les normal 

63 , XO no rrna. l - Ce�v i x :  �s o pen, 
13 6cm at wi t hers l acc i 

63 , XO normal i rregu lar Cerv i x :  os open, 
l 33 cm at wi thers f l accid 

63 , XO norma l i r regu lar Cervi x :  o s  o pen, 
U7cm a t  wi thers f lacci d  

63 , XO sma l l  - Cerv i x :  o s  open, 
f l accid 

63 , XO sma l l  - Cervi x :  o s  open, 
f laccid 

63 , XO - - -
63 , XO 135cm a t  wi thers - Ce�vix:  o s  

l a c c i d  
open, 

6 3 , XO 140cl1l a t  wi thers i rregu lar Cervix :  o s  open, 
f lacc i d  

63 , XO l37cm at wi thers - Cerv i x :  o s  o pen, 
f laccid 

sma l l  
63 , XO 146cl1l a t  wi thers none Cervi x :  f l accid 

Cerv i x :  f l acc i d  63 , XO normal none and open 

63 , XO normal cyc les 
reported 

-
63 , XO normal none Cerv i x :  f l acc i d  

1 5 6 .  9cl1l a t  wi thers reported and open 

63 , XO normal - Cervi x :  f laccid 

63 , XO smal l  indefi n i te Cervi x :  open thick crest 

UTERUS GONADS 

norma l norma l , fo l l i c l es ,  
ovulated . 

s l igh t ly sma l l  very sme l l  ( • 2 � lcm )  
s t r�a only,  n o  o l l i c l es 

sma l l ,  immature Not pal pabl e  � � ·  
endometrium 

sma l l , f lacc i d  sma l l  .( <  2 x lcm l 

smal l, f l ac c id, hyru - 2 , 6  x 1 . 3  X 0 . 8cm 
p l as t i c  endomet r um undi fferen t i a ted s t roma 

sma l l, flaccid, hy�o - l eft : 2 , 8  x 1 .. 2 x o .  7, righ t :  
p l a s t i c  endome t r  urn 3 , 0 x 1 . 6  x 0. 7cm, a l l  s trom& 

smal l ,  flaccid sma l l  ( .  2 . 0  x lcm ) 

sma l l ,  f l a c c id sma l l  ( < 2 . 0  c m )  

- Not palpab l e .  

sma l l ,  flacc id very sma l l  ( .c.  ! c m )  

sma l l ,  f lacc i d  3 . 0 x 1 . 5  x 1 . 5  cm 
undi fferen t i a ted s t roma 

sma l l ,  flaccid smal l ( .c.  2 . 0  x l .  Scm)  

sme l l  3 . 5  X 2 . 0  cm 

· -
1 . 0 X 2 . 0  sma l l  cm - no 
fo l l i c les pa l po.b l e .  

sma l l  1 . 0 X 1 . 0 cm - no 
fol l i c l u  pal pab l e .  

smal l ,  f lacc i d  very sma l l  - no 
fol l i c l e• pal pab l e .  

sma l l  very amal l  

very sma l l  very smal l  



Table 1 - 4  

Summary o f  publi shed report s of horses wi th mon -mosaic/ chimaeric 

sex chromosome abnormalitie s ,  other than XO mares . 

AGE CHRONOSONE 
AUTHORS BREED ( years TISSUES � 5 2  53 64 

Chand l ey e t  a l . ,  TB 8 leucocyte 0 1 3 7  1 9 7 S b  

Hughes & Trommers-
hausen-Smi th , 1 9 7 6  pony - j leucocyte 0 1 5  3 1  

I<i effer et M· , QH l eucocyte 0 0 1 20 
1 9 7 6  7 t e s t i s  0 0 30 

T rommershausen - Smi th ARAB 5 l eucocyte - - -

et a l . ,  1 9 79 SHETLAND > 6  leucocyte - - -

Sharp � a l . ,  1 9 80 - 5 l eucocyte - - lOO 
skin - - lOO 

ARDANT 1 skin 3 1 1 2  

Bornstein , 1 9 6 7  !skin 5 2 38 N .  SWE!' . 1 \  
mu l l erian duc t 0 2 26 

G e rneke & Coubrough , ARAB 1 bone ma r row - - -
1970 

B i e l af. s k i  et M · , >4 l eucocyte - - 60 -
1977 gonad - - 1 0  

G l uhovschi et a l . ,  NON IUS 3 l eucocyte - - -
1 9 70 

Chand l ey et a l . ,  
1 9 7 5b TB 5 leucocyte - - -

Key : TB = Thoroughbred , QH = Quarter Horse , N. Swed . 
* To ta l = To tal ce l l s  eval uated . 

COUNTS 
Total·  

:<ARYO- EXTERNAL OESTRUS and VAGINA, CERVIX 
65 66 TY I£  APPEARANCE BEHAVIOUR and VULVA 

0 0 3 8  64,XY normal fema l e  no cyc l e s  norma l 

0 0 46 64 , XY norma l fema l e  - Cervi x :  o s  
open , f laccid 

0 0 1 20 6 4 , XY fema l e  n o  oestru s /  vagina present 
0 0 3 0  s ta l l i on- l i ke no cervix 

- - - 6 4 , XY fema l e  - -

- - - 6 4 , XY fema l e  cyc l i ng Cervi:K: f l acc id 

- - 100 64,XY fema l e  cyc l i ng -- - 1 00  ( dam of f i l l � 

1 2 1 9  64 , XX ambiguous ma l e  - vulva present en larged c l i to r i s  

2 0 47 ambiguous male s ta l l i on 
4 0 3 2  64,XX penis - l i ke organ behav iour vulva present 

- - - 64 , XX ambiguous ma l e  - rudimentary 
penis- l i ke c l i to r i s  vulva 

- - 60 64 , XX ambiguous fema l e  s ta l l ion not present 
- - 10 sma l l  pen i s  behaviour 

63 63 66, XXXY ambiguous ma l e  s l ight l y  - -
g l an s  peni s agg r e s sive 

28 - 30 65 ,XXX normal fema l e  i rregu l ar norma l 
oes t ru s  

North Swed i sh Breed 

UTERUS GONADS 

smal l  very sma l l  ( � 2  x l c m )  

sma l l  and very sma l l  ( £ lcm ) f laccid 

testis in abdomen none 6 X 3 X 3 cm 

- -

sma l l  very sma l l  
prepu berta 1 ( 10 X 5 X 3 mm ) 

underd eve l oped sm• l l  ( .C 2 X 2 cm ) 

present hypo p l a s t i c  tes t i c l e s  

intra- abdomenal present hypoplastic tes t i c� e s  

- hypo p l a s t i c  ingu i na l  
tes t i c l es 

not present sma l l  gonad in 
abdomen 

infan t i l e  tes t i s :  inguinal and 
hypoplastic 

smal l ,  iuuna- sma l l  ( < 2 cm) , one 
ture,  w i t h  fo l l ic l e  onc e ,  b i opsy 
hypo p l a s t i c  showed on l y  s troma . 
endome t r i u m  



AUTHORS 

Chan d l ey et ll · , 
1975b I 

Hughes et a l . ,  
1 9 7 5 ,  1 9 7 7  

Bruere .!! a l .  , 1 9 78 1 
W a lker & Bruere , l979 i 
Hughes et al . , 1 9 7 7 1 
Hc l lwrai th .!! a l . ,  

1 9 7 6  

Bouters & Vandeplaa-
sche i 1 9 7 2 ; Bou ters 
e t  a . ,  1 9 75 

Dunn ll .!.!.· , 1 9 7 4  

Basrur ll .!!_ . , 
1 9 69 ' 1 970 

F r e t �  & Hare , 1 9 7 6  

Chand 1 e y  .!! a 1 .  , 
1975b 

Tro�rahau s en -Smi th 
!! a l  . •  1 9 79 

Table 1 - 5  

Summary o f  publ i shed reports o f  horses wi th mosaic / chimaeri sm. 

BREED 
AGE TI SSUES 

CHROMOSOME COUNTS Tota l* KARYOTYPE EXTER!IAL SEXUAL 
y ea r s ) ! 6 2  6 3  64)0{ 6L« 65 APPEARA!ICE BEHAV IOUR 

ARAB 5 l eucocyte 3 

TB 7 l eucocyte 7 

l eucocyte& and 
APPL , 6 s ki n  -

TB 9 l eucocyte 5 

TB 1 l eucocyte 3 

QH - l eucocyte -

� ARAB 3 gonads -

skin -

Wel sh 2 - -
pony 

l eucocyte 1 3  
. BE LG IAN 2 a k i n  8 

gonad 3 1  

CLYD. X ion ad 3 6  
4 ���xr�g�����a > PERC H .  

ARAB 1; 1 eucocyte, gonad 
1 7  and epidi dymi s 

TB 1 5  l eucocyte l 

ARAB 2 - -

35 1 2  

2 2  3 

1 3  2 5  

2 1  3 6  

29 1 2  

8 -

- 6 1  
- 3 7  

- 1 90 

1 2  1 8  
5 1 5  

1 2  1 7  

8 3 2  
7 . 34 

38 1 511 

7 45 

- -

-

-

-

-

-

24 

26 
1 2  

-

1 
-

4 

1 9  

-

-

-

-

1 

-

-

-

-

-
1 

10 

3 
1 
4 

3 

1 3  

2 

- . 

50 

33 

3 8  

6 2  

44 

3 2  

1 8 5  

200 

55 
30 
7 6  

108 

241 

55 

-

Key : TB = Thoroughbred , QH = Quarte r hor s e ,  Appl . 
*To t a l  = To ta l c e l l s  eva l u a t ed 

63 , X0 / 64 , XX  normal no cyc l e s  

mi l d  a f ter 
63 , X0 / 6 4 , XX s l i gh t l y  g e l d i n g - l i ke i rr i ga t i on 

normal i r regu l a r  
6 4 , XX / 63 , XO 1 3 5  cm a t  wi thers oes t ru s  

n o  oe s t ru s 
64 , XX / 63 , XO nor ma l  ' resen t ed teas e r '  

63 , X0/ 64 , XX norma l -

64 , XY / 63 , XO - -

6 4 , XX / 64 , XY cryptorchid wi th s ta l l ion - l i ke 
pen i s wi th erec t i on s  

64 , XX / 65 , XXY vu lva and peni s s ta l l ion- l i ke 

64 , XX / 65 , XXYI cryptor chi d s ta l l i on - l i ke 6 4 , XY 

64 , XX / 6 4 ,XY/ ma l e  c ryptorch i d  
6 5  , XXY / 63 , XO vu lva di s p l aced s ta l l ion - 1 1  ke 

6 4 , XX/ 65 , XXY / f ema l e  wi th en l arged 
s tn l l i on - l i ke ? 63 , XO c l i tor i s  

64 , XX / 65 , XX+ norma l regula r  oe s t ru s au toson>Al 
f ragment 

i r regu l ar 64 , XX ( de l  2q - ) smal l  oes t rus 

Appa loos a ,  C l y d . = C l ydesda l e ,  Per c h .  re rcheron 

INTERNAL GO! lADS 
GEN ITALIA 

norma l very s� l l ( 2  x l cm )  
· -

Cervix pa l e  and very sme 1 1  
s l i gh t l y  f l � cc i d ;  ( 2 x 1 � m )  
U t eru s ,  sma l l . no fol l i c l e s 

Cerv i x  firm,  os very sma l l 
c l os ed ; U t eru s ( 1 . 8  x 1 . 3  c m )  
f l a cc i d ,  endomet- no fol l i c l es 
rium hypop l a s t i c  

sma l l , fo l l i cu l ar 
norma l s t ructure on one 

ovary 

- -

Cervix f l acc i d ,  os s ma l l  
open ; U terus sma l l  ( 2 . 0  X 1 , 5  cm ) 
and f l ac c i d  

- ova rian and 
teeti c u l ar 

hypop l a s t i c  
- abdominal te s t t s  

t es t i c u l a r  wi t h  not detec ted no germ c e l l s  

none agonad a l  pro c e s su s  

t e s t i cu l r r  wi t h  no u te ru s no llerm c e l l s  

normr l very &ml' l l l 2  x l cm )  
U t e ru s  sme 1 1  no oocy t e s  

ova r i e s  a c t i v e 
- twi c e ,  age L. and 

5 year s .  



group of hor ses  known to the breeding industry as " shy breeders" . 

Tradi tiona l ly these hor ses have difficulty in generati ng foal s .  How­

ever , some of these " shy breeders" are ferti l e  and wi l l  breed succ es s­

ful ly under range c ondi tions , or when artificial insemination proc edures 

are used , but neither of these systems is acceptable in the management 

of registered Thoroughbreds . 

Human Genet i cists  sub-divide inferti l i ty into : s teri l i ty ,  

the inabi l i ty to form viable gametes ; inferti l i ty ,  the as sumed or 

known l o s s  of  produc ts of concept ion ; and sub- ferti l i ty ,  the fai lure 

or inabi l i ty to eff i c i ently reproduce as measured by l ive offspri ng 

or as determined by a physical or anatomical defect such as a non 

patent Fal l opian tube ( Opi tz et al . , 1 9 79 ) .  An absolute division 

into these categories , even in humans ,  i s  usually  not possible  in 

individual cases . In the fema l e ,  steri l ity can seldom be differen t ­

iated from inferti l i ty .  Sub- fert i l i t� on the other hand , imp l ies 

some standard of fert i l i ty that may be purely subjec tive or  quali tative . 

· Whenever po ssibl e ,  however , an attempt has been made in 

thi s  Thes i s  to fol low human genetic terminology wi th reference to 

"inferti l i ty'.' ,  " steri l i ty" , and " sub- ferti l i ty" . 

1 . 7 . 3 . 2 .  Chromosome anomalies in the domesti c horse 

It was obvious that the cases reported in the l i terature 

could not refl ect the true inc i dence of chromo some abnorma l i ties in 

the horse population . Thi s was because there are so f ew fac i l i ti es 

available  where cytogenetic analysi s  of horses can be attempted ( Blue 

et al . ,  1 9 78 ;  Bruere et al . ,  1 9 78 ; Walker and Bruere , 1 9 79 ) .  

The maj ori ty of the anima l s  reported in the l iterature '"ere 

presented for cytogenet i c  analysi s  because of inferti l i ty ,  either 

wi th or w i thout as sociated phenotype abnorma l i ties . As a rul e ,  ani ­

mal s  wi th phenotype abnormali ties are cul led from horse popu lations 

by breeders ,  whi le inferti li ty i s  a notoriou s ly biasi ng factor i n  

identificati on of c hromosome abnormal ities ( e . g . , Dewhurs t ,  1978 ) .  The 

notable  absenc e of phenotypic a l ly normal sta l l ions in the report s  em­

phasi zes both these points , but particularly the latter . The maj or i ty 

of mal e  horses are gelded so thei r fertil ity or  poten tial ferti l i ty 

i s  never quest ioned . 

However , support for the theory that there are large numbers 

of chromosoma l ly abnormal anima ls in the equine popu lat ion can also  
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be found within the l iteratur e .  Besides  the ferti le XY mare ( Sharp 

et al . ,  1980 ) , none of the infert i l e  mares reported on Tables 1 - 4  

and 1 - 5  were said to have had some s igns of oestrus o r  fol l icular 

ac tivity (Payne et al . ,  1 9 68 ; Hughes et al . , 1 975a , b ;  Chandl ey e t  

a l . , 1 975b ;  Hughes and Trommershausen- Smi th , 1 9 76 ;  Bru�re et a l . , 

1 978 ; Tromrnershausen - Smi th et al . ,  1 9 79 ) .  Therefore , some of these 

animals  may belong to the group of 1 1 shy breeders1 1 , which wi th therapy 

may have been fert i l e .  

27 



28 

CHAPTER 11 

MATERIALS AND METHODS 

Page 

2 . 1 .  Subj ect s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

2 . 2 . Cytogenetic techniques • • • • . . • • • . • • • . . . . . • • • • • • • • . . . . . • • • . . . . • 29 

2 . 2 . 1 .  

2 . 2 . 2 .  

2 . 2 . 3 .  

2 . 2 . 4 .  

2 . 2 . 5 .  

2 . 2 . 6 .  

Leucocyte cu ltures • • . . . . . . . . • . . • • • . . • . • . • . . . • . . • • . • • .  

Cel l cul tures other than l eucocyte • . . . • • • . . . . • . . . . . . .  

Harvesting and s lide preparation . • • . . . . . . • . • . • . . . . . . •  

Stai ning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

S ex- chrorn.a.tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Evaluation of cu l tured cel l s  . . . . • . . . . . . • • . . . . . . . . . . . .  

30 
30 

30 

30 

30 

3 1  



CHAPTER I I  

MATERIALS AND METHODS 

2 . 1 .  Subjec t s  

The hor ses di scussed i n  thi s Thesi s are described in detai l 

at the beginning of their Chapter o r  section . 

These horses were investigated for cytogenetic abnormalities 

for differ ent reasons . H- 1 1 , a stal l ion ,  was referred by hi s veter­

inarian because of suspected abnormal rate of growth ( Chapter Ill ) .  

H-46 ,  a racing mare , was investigated at the request of her trainer 

who was convinced she showed "male traits"  ( Chapter V ,  section 5 . 2 . 2 . ) 

H- 2 7 ,  a mare with chronic endometriti s ,  was part of a routine sampling 

of animal s  admi tted to the Large Animal Uni t at Massey University 

( Chapter VI ) .  H- 5 2 ,  an infert i l e  mare ,  was referred to the Cytogenet­

ics  Uni t ,  Department of  Veterinary C linica l Sciences , Massey Universit� 

by her prac t i tioner as a suspected XO mare.  H-47 ,  a two year old 

maiden mare , was investigated at the author ' s  reques t  because of her 

congenital defects ( Chapter V ,  sec tion 5 . 2 . 3 . ) .  

2 . 2 . Cytogenetic Techniques 

The detai ls of the procedures used can be found in Appendix VI 

and those of the materials and su ppl ies used in Appendix V .  Terms 

used throughout this Thesi s are tho s e  proposed by the Tissue Cu l ture 

Association ( Schaeffer , 1979 ) .  
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2 . 2 . 1 .  Leucocyte Cul tures 

S amples  of heparini zed who le b lood were cul tured according 

to standard micro - cu l ture procedures as described in Appendix VI . 

2 . 2 . 2 .  Cel l  Cul tures Other :han Leucocyte Cul tures 

E i ther standard trypsin digestion or standard p lasma clot 

techniques were employed to e stablish primary c u l tures . Description 

of the t i ssue ( s )  used from primary culture s ,  the technique ( s )  u sed 

in establ i shing them and any dev iations from the detai l ed procedures 

l i sted in Appendi x  VI are prov ided in the materials  and methods 

section of each Chapter . 

Cytogenet i c  analysi s  of  cel ls from explant cultures was 

usual ly performed on l ines wi th the l owest pas,sage number , progressing 

upward in pas sage number unt i l  suffic ient cel ls had been evaluated . 

When a higher numbered passage had a shorter total t ime in culture 

than a lowered numbered one , cel l s from the culture with the shortest 

total cul ture t ime were analysed . Trypsin digestion cu ltures were 

harves ted as primary cul ture s . Except as noted in the text , analysi s  

was performed on cel l s  from cul tures wi th l e s s  than four passages and 

on cel l s from cul tures who se total e lapsed culture time was less than 

four weeks . 

2 . 2 . 3 . Harves ting Cel l Cul tures  and S l ide Preparation 

S tandard procedure s  for harvesting mitotic  cel l s  from cel l 

cul tures were used . S l ides were air- dryed . 

2 . 2 . 4 .  S taining 

Conventional Giemsa s tain was used throughout this s tudy for 

chromosome counts and karyotyping . Differential  staining techn i ques 

were appl i ed for confi rmation of  H- 68 ( Chapter Ill ) and H- 5 2  ( Chapt er 

IV ) .  Detai l s  of both C-band and G-band techni ques can be found in 

Appendi x  VI . For G- bandi ng initial ly a proteo lytic method was used ; 

l ater an acetic- sal ine method was found to yield better resu l ts .  

2 . 2 . 5 .  Sex- Chromatin 

Samples  of tissue from the cerebel lum and spinal cord were 
inves tigated for sex- chromatin from H- 5 2  ( Chapter IV ) and H- 27 
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( Chapter VI ) .  The tissue was prepared according to the method of 
' 

Bruere ( 19 66 ) ,  by the His tology Preparation Uni t , Facul ty of Veterinary 

S ci ence, Massey University. 

Cel l s  were evaluate9 only if they showed a wel l  defined nucleu s  

and nucl eolu s .  Detai l s  of the evaluation of sex- chromatin and the 

preparation of material can be found in Appendix VI . 

2 . 2 . 6 .  Evaluation of Cu ltured Cel l s  

Several procedures have been sugges ted to prevent misinterpre­

tations of in-vi tro cultured cel l  results  ( e . 2 . , Po lani , 1961 ; Reitalu , 

1967 ; Lit t l ef ield and Mailher s ,  1975 ; Hasso ld  et al . ,  1978 ; Wahl strom, 

1978 ) .  Among these were the use of " in- situ"  t echniques with compar­

i son of growth center s ,  making parallel  cu ltures from the same specimeq 

and analysing each separately , sampling various ti ssues and areas of 

those tissues , making repeat samples whenever possible  and performing 

analysis  on  cel l s  from cultures with the shortest possible culture t im� 

Unfortunately , the " in- si tu" technique was found to be i mprac-. -

tical in the hor s e ,  the cultured cel l s  o f  which are unsui table  for 

sex- chromatin s tudy and the high diploid chromosome number prevented 

" in- s i tu" karyotype evaluation . However ,  all  the o ther procedures 

were appl ied to cul tured cel l s  during thi s  study . 

Specific probl ems of seeming aneuploidy and polyploidy 

encountered during this investigation are discus sed in the relevent 

Chapters and in the General Di scuss ion . As a general rule a cul ture 

speci fic rate of arti factual chromo some loss was estimated for each 

culture and aneuploid cel ls in excess of that amount were considered 

to indicate the pTesence of such a cel l l ine . The cri teria 

for acceptance of a metaphase wi th extra chromosomes was metaphase 

and chromosome morpho logy and secondly the identification of all  the 

chromosomes . 

Metaphases were selec ted for evaluation on the basi s  of 

metaphase and chromosome morphology . Identification of a l l  non- acro­

centric chromosomes had to be possibl e , that i s  a "differential count ' �  

Evaluation was by differential counts and in selected ins tances , by 

karyotype analysi s .  
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CHAPTER Ill 

H- 1 1, A FERTILE XY/XYY/ ?XO MOSAIC/CHIMAERIC STALLION 

3 . 1 .  Intr oduction 

The XYY chromosome configuration i s  thought to occur in one t o  

three of one- thousand human births (Boue and Boue, 1 974 ) and has been 

infrequent ly reported in mice (Evans et al . , 1978 ) .  Neither the XYY 

condit ion nor the presence of a mosaic/chimaeri c  XYY cel l l ine had 

been reported in �. £ •  caba l lus . 

H- 1 1 , a Thoroughbred c o l t ,  was referred for cytogenetic  analysi s  

at the age of nine months because his rate of growth seemed acceler­

ated . Since abnorma l growth rate is associated with both XXY and XYY 

boys ( Leonard et al . , 1974 ; Ratc liff ,  1976 ; Hudson and Robin son , _ 1977 ), 

H - l l ' s  veterinarian was suspicious that H- l l ' s  rate of growth might 

be symptomati c  of a sex- chromosome abnormal ity . 

On the bas i s  of the ini tial lymphocyte cul ture , H- 1 1  was 

diagnosed as a 64 , XY stal l ion with probable l ow level 65 , XYY mosaic/  

chimaerism.  Despite the extreme cooperation of both his owner and 

hi s veterinarian , any cytogenetic fol low-up of  H - 1 1  was difficult .  He 

was over 300 mi les from the laboratory and at an inconvenient distance 

from the nearest airport for col lection and di spatch of samples . 

Intensive cytogenet i c  studies  of H- l l ' s  relat ives and progeny 

were also hindered by transportat ion difficu l t i e s .  In addition , there 

was an und er s tandable reluctance by some owners and breeders to have 
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t heir animal s  associated in any way with an investigation , the resu l t s  

of  which might be economical ly damaging . · When i t  was possible t o  

perform cytogenetic studies of relatives or progeny o f  H- 1 1 ,  i t  was 

necessary to limit the analys i s  to screening for non-mosaic /chimaeri c  

karyotype abnormalitie s .  

The primary importance o f  H- 1 1  was , and i s ,  considered t o  be 

some pos sible manifestations and imp l i cations of hi s mosaic/chimaeri c  

condi tion, rather than the nature o f  the condition in him. H e  was 

the youngest animal diagnos ed with a chromosome abnormality.  His  de­

v elopmen t could be observed and he was also pot ential ly ferti l e  and 

hi s reproductive performance could be monitored . Moreover , since he 

was under observation and was subj ect to control led breeding , he might 

be of value in equine genetic s tudies1 • 

1 
H- 1 1  i s  currently involved in a private breeding pro j ect concerned 
with breed improvement and the inheritance of coat colour . Both 

- his present and former owner ( who maintains s tud rights )  have 
d i s cussed proposed geneti c  programmes wi th the author , and both 
have s tated their interest in continued cytogenetic monitoring of 
H - l l ' s  progeny whenever pos sible.  
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Figure III . 1  H- 1 1  as a four year o l d . 



3 . 2 . Material s  and Methods 

3 . 2 . 1 .  Sources of Informat ion 

The primary sources of information on H- 1 1  and hi s progeny 

were the records of his veterinarian and the records at hi s first  

s tud . Informat ion on H- l l ' s  regis tered Thoroughbred re latives was 

obtained from officia l breed pub l ications . These sources were 

supp l emented by observations and interviews conducted in person 

dur i ng three brief visits  to H- l l ' s  area , and by telephone conver ­

sat ions with person s2 in several region s of New Zealand who ei ther 

wer e  or had been directly invo lved wi th the various horses . Anecdot­

ical  information was reported only when i t  was provided by at l east 

two per sons independently . Whenever pos sible such information has 

been verified through offical records . 

3 . 2 . 2 . H- 1 1  

3 . 2 . 2 . 1 . Description 

Sex : 

Foa l ed : 

Breed : 

Co lour : 

Size : 

ma l e  

1 9 75 

Thoroughbred 

chestnut 

1 7 6 . 25 cm ( 1 7 . 2� h . h . ) at wither s 
( in 1978 ) 

Age of sire at birth : 8 years 

Age of dam at birth : unavai lable 

H- 1 1  i s  shown in Figures· III . l  and III . 3a .  

3 . 2 . 2 . 2 . General hi story 

At parturi tion,  fol lowing a normal gestation , the dam of 

H- 1 1  ruptured along the perineum and her in testines prolapsed . The 

mare was destroyed and the foal del ivered by salvage Caesarian .  

The foal was large at birth . His testicles were cons idered 

to be larger than usual by those present at his del ivery , but they 

2veterinarians , owner s ,  estate managers and per sons providing 
services to the breeding indus try who wi shed to remain anonymous . 
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�1ere not measured . As a foa l  H- 1 1  had no medical  problems except 

dermato phi losis  and ryegrass staggers , whi ch were common in the 

foa l s  in his region . 

At nine months of  age H- 1 1  measured 1 63 . 75 cm at the 

wi thers ( 1 6 . 1� h . h . ) and at three years 1 75 cm ( 1 7 . 2 h . h . ) .  He 

s tood 1 76 . 25 cm ( 1 7 . 2� h . h . ) in Augus t  of 1978 . X- rays taken in 

Apr i l , 1 9 79 , confi rmed that the radial  epi physeal pl ates had 

c l osed . 

H- 1 1  had a plac id  temperament . According to hi s owner he 

showed better than average inte l l igence in " schooling• •  and it  was 

independent ly  suppor ted that he was a promising show j umper . H- 1 1  

di s p l ayed normal ma le behaviour and never l acked l ibido . 

3 . 2 . 2 . 3 .  Reproductive performance 

The maj ori ty of H- l l 1 s progeny were s i red under contrac tual 

agreements whi ch stipulated what information could be dis seminated by 

the sta l l ion • s owner . During 1 979 H- 1 1  was so l d  and access to infor­

mation on mares and progeny was difficu l t to obtai n .  Even when a 

mare • s  owner agreed to divu l ge information , i t  was with the condi tion 

that the mare • s  identity be masked . As a resu l t ,  l etters of the 

a l phabet have been used to designate individu a l  mares and in a l l  but 

a few cases no identifying information ( i . e . , age , breed ) is provided . 

In 1977 H- l l  served four mares . Mare "D" was 16  years o ld 

and a l though diagnosed as pregnant , when she subsequently died she 

was di scovered to not be in foa l and to have had advanced ovarian 

neo plasm.  The other three mares del ive red l ive foal s ,  whi ch were 

examined for simple chromosome anoma l i es ( section 3 . 4 . ) .  

H- 1 1  served six mares in 1 978 . Mares "B" , 1 1E" and 1 1 F" were 

d iagno sed pregnant by pal pation per rec tum on the 42nd day after a 

s i ng l e  servi ce and subsequen t ly del ivered l ive foa l s .  Mares "G" and 

1 1 K1 1 were served once , but were so ld  before rel iable  manual pregnancy 

testing cou l d  be done at the s tud . However ,  both these mares were 

repor ted to be in foal by veterinarians who examined them between 30 

and 40 days fo l lowing service . Mare 1 1G 1 1  was s ti l l  in foal at 10 months . 

Mare 1 1K 1 1  produced an XO f i l ly ( H- 68 ) .  Mare 1 1J 1 1  cou ld not be  manual ly 

tes ted for pregnancy and a blood test was negat ive . However , it  was 
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repor ted that  "J:" ' s owner c laimed that bo th "J" and a pregnant mare 

with \·Jhom "J" shared a paddock aborted on the same day .
3 

Prior t o  taking up s tud duties on a new pro per ty , H- 1 1  

served seven mares . Mares "B" , "N" and "P" were synchroni zed wi t h  

pros taglandins prior to service . Mare "P"  Hho Has too wi ld t o  manu­

a l ly pregnancy test  and mare s "Q" and "R" who were too c lose to t he 

time of service  for rel iab l e  pregnancy diagnosis  � rec tum were 

entered in the s tud reco rds as pregnant by reason of non- return t o  

oestrus . Pregnancy was accepted by their  owners o n  that bas i s . H- 1 1  

on ly served each of these mares onc e ,  so they were consi dered to have 

concei ved to f i r s t  servic e .  

Tab l e  3 - 1  summari zes the reproduc tive performanc e of H - 1 1  

and inc l udes informat ion on the progeny . 

3 . 2 . 2 . 4 . H- l l ' s  s i re and dam -- --

The dam of H - 1 1  was an unregi s tered Thoroughbred mare . She 

was known to have had a l ive col t foa l , which as a mature ge lding 

stood 1 7 2 . 5  cm  ( 1 7 . 1  h . h . ) at the wi thers . Unfo rtunately , l i t t l e  

information was avai lab l e  on thi s mare , but she was ' wel l bred ' o n  

her sire  s ide . 

H- l l ' s  s i re was a regi s tered Thoroughbred s ta l l ion Hith a 

good breeding record . Accord ing to the Regi ster o f  Thoroughbred 

Sta l l ions of New Zealand , he had an average estimated concep tion 

rate of 89% and average l ive foal  rate o f  67% (over 43 mares ) .  H e  

H e  was related , wi thin three generations , to five confi rmed XO mares 

inc luding his grandfi l ly ( H- 68 ) .  However ,  this was probably because 

he , l i ke mos t  mares that had been examined for cytogenetic  abnor ma l i t ies , 

had a very good pedi gree . 

3 . 2 . 3 . Relat ives and Progeny Investigated 

The hi story of H- l l ' s  s i re is given in sec t ion 3 . 2 . 2 . 4 .  No 

info rmation was avai lab l e  on the two ha lf - brothers from which b l ood 

was obtained , except that they had been gelded . 

3
The re was a belief  in thi s area in a s pecific  envi ronmental cause 
of abort i ons . I t  was no t possible  to substant iate suggest ions made 
in thi s regard for thi s property . 
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Tab l e  3 - 1 

Reproductive performance of H- 1 1  ( 1 977 - 1980 ) . 

YEAR BREED 
of Service MARE of mare PR(X;ENY COMMENTS 

1 9 77 " A" SB colt  H - 57 : �remature foal , with 
per si stant Ductus arteriosus . 

1977 "B" pony fi l ly H-58 : Large for age and size 
of  dam at about 6 months . 
Figure lll . 3b taken at age 
9 months . 

1977 ' 'C"  TB f i l ly H-59 : Normal for age . 

1977 " D" Mare died . She had advanced 
ovarian cancer . 

1978  " B" pony fi l ly Pers i s tant Ductu s arteriosus . 
( Figure 111 . 2  at age 3 days ) 

1978  "E" colt  Foal said to be large for age . 

1 9 78 " F" co l t  Foal said to be large for age . 

1 978 "G" Mare was sti l l  pregnant at 
10 months . 

1 978 "J"  Mare may have aborted , i f  so 
pos sibly due to environmental 
factor . 

1 978 "K" TB fi l ly H - 68 : Stil lborn XO mare . 

1979 " M" Positive pregnancy test 

1979  "J"  Po sitive pregnancy test 

1979 "B" pony Positive pregnancy test 

1 9 79 "N" Positive pregnancy test 

19 79 "P" Non-return to oestrus 

1 979 " Q" Non- return to oestrus 

1 9 79 " R" Non- return to oestru s 

SB = standard breed , TB Through bred 



Figure I II . 2  Mare "B" wi th three day old 1 9 79 fi l ly by 

H- 1 1 .  Mare " B" was the dam of H- 58 , shown 

in Figure III . 3b .  
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H - 57 was a c o l t  out of a Standard Breed mare , He was foa l ed 

prematurely . At approximately two months of age , when he was b l ed 

for cytogenet i c  analysi s ,  he was considered to be smal l for hi s age . 

He had suffered a per s i s t ent Ductus arter io su s  which had c l osed when 

he was ten days o l d .  H - 5 7  was destroyed before he was 12 months o l d  

becau se o f  a compre s s ion fracture o f  the hock . H e  had the tal l socks 

o f  hi s sire and a face b laze . 

H - 5 8  was a f i l ly out of a pony mare .  Her dam, lliare 1 1B 1 1  in  

section 3 . 2 . 2 . 3 . ,  is  shown in Figure 111 . 2  �� th H-58 ' s  ful l - s i s ter . 

H - 58 i s  shown in Figure III . 3b .  She was a few centimeter s  shorter 

than her dam by the age of 6 . 5  months and was tal ler than her dam by 

the age of nine months when the photograph ( Figure Ill . 3b )  was t aken . 

H - 59 was a f i l ly out of a T horoughbred mare . She was of 

norma l deve lopment for her age .  H-59 had tal l  socks l ike her s i re and 

a face blaze . 

H- 68 , an XO f i l ly , was sti l l born on 1 2th October , 1979 . She 

was a ful l  term conceptus ,  de l ivered in breech presentation . 1 1 B lood 

f i l l ed the abdomina l cav i ty and the l iver capsule had ruptured . Death 

was probably due to interna l haemorrhage c aused by the dys �ocia1 1  ( H .  

Dewes , per s .  comm . ) .  The dam of H- 68 was 1 3  years o l d  at the time of 

f oa l ing . A l arge , unregi s tered Thoroughbred , the dam had had at l east 

four l ive foa l s ,  by four different s i res , previous to H- 68 ' s  s ti l l ­

b i r th . According to stud records , the dam ' s  last  del ivery before that 

of H - 68 occurred wi thou t assi s tanc e ,  from the s tanding position a t  

midday in an open paddoc k .  H - 68 was conceived at the ' !foal heat 1 1  

fo l lowing that del ive ry . 

3 . 2 . 4 .  Cytogenet i c  Mater ia l s  and Methods 

Heparini zed blood samples were refrigerated or were packed 

in ice as soon as possible  ( no mor e  t han four hour� after col lection . 

They were then d i s patched by the ear l ie s t  schedu led air service ,  which 

was not l e s s  than 1 2  hour s  or more than 24 hou rs after sampl e  col lec-. 

tion . The skin sample was exci sed from H- l l ' s  foreshou l der , placed 

in steri le  saline supp l emented with antibioti c s ,  and was refrigerated 

overnight before i t  was carried by a i r  to  Palmerston North. 

Mu l t i ple  p l asma c lot c e l l  cu l tures were ini tiated from that 

samp l e .  In the absenc e of homologou s plasma , serum from heparini zed 
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Figure II1 . 3a 

Figure I I I . 3b 

H- 1 1 , the sire of H-58 . 

H- 58 age nine months . She measured 1 56 . 25 cm 

at wi thers ( 1 5 . 2� h . h . ) .  Note the strong 

resemblance to her s i re . 
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whol e  blood ( the residue was used as Blood Ill culture ) and in three 

flasks s teri l e  sheep plasma was used for the plasma clot s .  There was 

no apparent d ifference between the two culture sets in ei ther viabi lity 

or growth . 

An attempt was made to dissect ' epidermi s '  from ' dermis ' and 

these separat e  cell  cul tures were ini tiated and main tai ned . Both cul ­

tures appeared t o  have only fibroblast- l ike cel lu lar morphology , 

however , ' dermi s ' cultures were the fir s t  to show out-growth from the 

explan t s  and per sisted longer in cul ture . The chromosome preparat ions 

from these two ' tissues ' were analysed separately , but no difference 

between them was found in the proportion s  of cel l  types present , so 

the results  were combined . The chromo some preparation s  analysed were 

from passages one through three , which had been in cu lture l es s  than 

four weeks . 

Cel l  cultures of the 6th passage were analysed from H- 68 . This 

cul ture had been ini tiated from a piece of kidney by G .  Horner and R .  

Hunter . A fourth passage monol ayer cul ture was flown to Palmer s ton 

North in an insulated container maintained within physiological temp­

erature range . 

Except as noted above , all  cel l cu l ture procedures were as 

described in Appendix VI . 
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3 . 3 .  Resul t s  of Cytogenetic Analys i s  of H- 1 1  

Despi te difficulties in transporting samples to the laboratory 

for process ing , it was pos sible  to obtain three blood samples and a 

s kin sampl e  from H- 1 1 .  A total of 268 metaphases, 167 from leuco­

cytes and 101 from skin , were evaluated from cell  cul tures ini tiated 

f ro m  these samples . 

Resu l t s  from the first lymphocyte cul ture (Blood 1 )  were con­

sidered conc lusive that H - 1 1  was not a simple  ( non-mosaic/chimaeric ) 

XXY 0r XYY animal , and were s trongly indicative that he was a mo saic /  

c himaera for a c e l l  l in e  wi th 6 5  chromosomes , 38  o f  which were 

acrocentric . By convention , in the absence of differential staining , 

the 3 8 th acrocentric was accepted as a supernumerary Y- chromosome, 

and the lin e  was designated " XYY " .  Confi rmation of 64,'/:l./65 , XYY 

mosai c / chimaeri sm was based on the second leucocyte cul ture and 

s ubsequent ly cytogenetic evaluation of cu ltured skin cel l s .  Because 

H - 1 1  was a valuable animal , tissues avai l able  for investigation were 

l imi ted and the extent of his mosaic /chimaeri sm could not be estimated . 

Table  3 - 2  summari zes the resu l t s  of cytogenetic investigations 

of cel l s  from H- 1 1 .  Examples of a normal 64 , XY cell  (Figure 111 . 4 ) ,  

two c el l s  wi th 65 chromosomes ( Figures  111 . 5  and 111 . 6 ) ,  and a cell  

w i th 63 chromosomes ( Figure 111 . 7 ) fol low Table 3 - 2 .  

Low l evel XY/XYY mos ai c /chimaerism was estimated to have been 

p resent in H- l l ' s  leucocytes and skin . Of the cel l s  evaluated that 

had counts of either 64 or 65 chromosomes , approximately 8- 10% had 

65  chromosomes . The ac tual percentages of the cel l s  analysed from 

H - 1 1  that contained 65 chromo somes were ; overal l  7 . 46% , leucocytes 

7 . 8% and c u l tured skin 6 . 9% . These percentages from H- l l ' s cul tured 

c e l l s  were respectively 1 . 73 ,  2 . 0  and 1 . 4  times those found by Blue 

( 1976 ) in cul tured cel l s  from ' norma l '  s tall ions ( overall 4 . 3% ,  

l eucocytes 3 . 9% and skin 4 . 8% ) .  But the percentages of cel l s  with 

65  c hromo somes found
. 

in  H- 1 1  did not exceed those reported by Blue 

( 1 976 ) for some of the indivi dual ' norma l '  stal lions ( 20-33% of cel l s  

c ounted per animal ) he studi ed . Some of  those ' normal ' stal lion s  may 

have been mosaic/ chimaeras . Therefore , the ac tual number, of cel l s  
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wi th 65 chromosomes found in H- 1 1  was probably nearly total ly ref l ective 

o f  mosaic / chimaeri sm for a cell  line containing 65 chromosomes , as 

a scertained through tissue cul ture techniques .  



TIS SUES 

Bl ood I 
( 1 97 7 )  

B l ood I I  
( 1 97 8 )  

Bl ood I I I  
( 1 97 9 )  

To ta l 
Lymphocytes 

Sk i n 

Tota l 

( % )  

TIS SUES 

Total 
Lyinphocy tes 

Ski n 

Total 

( % )  

Table 3 - 2a  

The distributions of chromosome count s  
from H- l l ' s  cultured cel l s .  

. - . . . . . . - . . 

DISTRIBUTION OF . GROSS . COUNTS 

� 62  6 3  64 65 > 65 Polyploid 

5 1 6  60 6 6 

1 5 43 5 1 

4 4 9 2 

1 0  2 5  1 1 2  1 3  7 

1 0  1 0  66 7 1 7 

20 35 1 78 20 1 1 4  

( 7 . 5 )  ( 1 3 . 1 ) ( 66 . 4 )  . ( 7 . 46 )  ( 0 . 4 )  { 5 . 2 )  

Tab l e  3 - 2b 

The di stributions of differential chromosome 
counts from H- l l ' s  cul tured cel l s .  

DISTRIBUTION OF DIFFERENTIAL COUNTS 

� 62  63  64  65 > 65 
-- Pc;>lyp],.oid 

( - ) (26)  (27)  ( 2 7 )  ( 2 7 )  (**) 

1 0  9 1 6  1 1 2  1 3  7 

1 0  3 7 66 7 1 7 

20 1 2  23 1 78 . .  20 1 1 4  

{ 7 . 5 ) ( 4 . 5 )  ( 8 . 6 ) { 66 . 4 )  ( 7 . 46 )  ( 0 . 4 )  ( 5 . 2 )  

** One cell 86 (29 ) 
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TOTAL 

CELLS 

93 

55 

1 9  

1 67 

1 01 

268 

TOTAL 
CELLS 

1 67 

1 01 

268 
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Figure III . 4  
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A normal 64 , XY  metaphase from H- 1 1  ( approx . 

X 5 ,000 ) . 
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Figure III . 5  

• • 
• 

• 

A metaphase with 65 chromosomes from H- l l ' s  

cul tured skin . By convention the 37th and 

3 8th acrocentric chromosomes were designated 

"Y" chromosomes . ( Approx. X 5 ,  000 ) 

4 /  
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Figure Ill . 6 
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A metaphase wi th 65 chromosomes from H- l l ' s  

cul tured lymphocytes . By convention the 37th 

and 38th acrocentric chromosomes were desig­

nated 1 1Y 1 1  chromosomes . - ( Approx . X 5 ,000 ) 
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Figure Ill . 7 
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An example of a 63 , XO cel l  from H- 1 1  ( approx. 

X 5 ,000 ) . 

I 
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W i thout banding ,  the metaphases with 63 chromosomes , 27 of which 

were non- acrocentric , could  not be identified as XO cel l s  rather than 

cel l s  which had lost through arti fact any of the 37 acrocentric chromo­

some s . Only in Blood 11 (Tab l e  3 - 2 )  did the number of cel l s  with 

pos sible 63 , XO configurat ion exceed an estimated cu l ture specific rate 

of artifactual chromo some l os s ,  e . g . , percentage of cel l s  counted with 

so 

� 62 pius  63 / 26 non-acrocentri c  chromo somes . Combining cel ls with 

chromosome counts of 63 from H- 1 1 ,  that i s  probable artifactual 63 / 26 

non-acrocentric: metaphas�s and metaphases with counts  of 63 / 27 non­

acrocentric chromosomes which included true XO cel l s ,  1 3 . 1% of the cel l s  

evaluated from H- l l  had 63 chroiii() somes . Overal l ,  9 . 9% of the cel l s  

evaluated by Blue ( 1976 ) from ' normal ' s ta l lions had 6 3  chromosome s .  

I n  both H- 1 1  and Blue ' s  ( 1976 ) ' normal ' stal l ions , the percentage 

of cel l s  evaluated wi th l ess  than or equal to 63 chromosomes were 

approximately 20% ( !  o. 5% ) .  Although the percentage of cel l s  with 63 

chromosomes was not appreciably higher in H- 1 1  than that found by 

Blue ( 19 76 ) ,  he did not report  differential (acrocentri c/non- acrocentri cl  
4 

counts ,  and un- investigated mosaic/chimaeri sm may also have elevated 

hi s rate of cel l s  with 63 chromosomes in ' normal ' stallions .  

I t  was tnought that the s l ightly higher rate o f  cells  with 63 

chromo somes in H- 1 1  compared to that found by Blue ( 1976 )  and the 

excess  of cel ls wi th 63 / 27 non- acrocentric chromosomes in Blood 11 

may have ref l ected a minor mo saic/chimaeric XO line in H- 1 1 .  However , 

whi l e  it i s  thought probabl e  that H- 1 1  carried a 63 , XO line , desig­

nation of him as a 64 ,XY/65 , XYY/ 63 , XO mixoploid was consiqered to be 

unconfi rmed . 

3 . 4 .  Extended Cytogenetic Study of H- 1 1 :  His Relatives and Progeny 

A single  sample of b lood from H- l l ' s  sire ( H- 3 9 ) and two of his 

hal f  brothers (H-40 and H-41 ) became avai lable for culture and chromo­

some evaluation .  In addi tion , H- l l ' s  three 1978 foals  (H-57 , H-58 and 

H-59 ) were examined for non- mo saic/chimaeric  sex chromosome anomal ies . 

Ce l l s  from the kidney from H- 68 , H- l l ' s  1979 sti l lbo rn  XO fil ly, were 

a l so evaluated . 

4 
Blue ( 1976 ) was investigating simple (non-mosaic )  chromosome 
abnormal i ties  in  the hors e .  Therefore , ' normal ' was defined 
as having a modal chromosome number of 64 . 



A total of 243 metaphases were analysed from cul tured cel l s  

f rom H - l l ' s  relatives and progeny. The results of these cytogenetic 

investigations are given in Tabl e  3 - 3 . 

HORSE 

S ir e  
H - 39 

Tab l e  3 - 3  

Result s of cytogeneti c  investigations o f  H- l l ' s  
relatives and progeny . 

DISTRIBUTION OF DIFFERENTIAL COUNTS 

!:- 6 2 1 
63 6'

4 65 Other P* 
KARYOTYPE 

( - ) ( 26 ) ( 27 ) ( 27 )  ( 28 )  (" '*  ) ( "'** ) ( - )  
--- ---- ---- ---- -· ---

64 , XY 5 3 2 49 2 

1: 2 Brothers 
H - 40 64 , XY 5 3 3 3  1 

H - 4 1  64 , XY 4 4 1 3 1  2 

Progeny 
H - 5 7  6 4 , XY 3 1 1 1 2  1 

H - 5 8  64 ,XX 1 14  

H-59  64 , XX 1 1 2  2 

H- 68 63 , XO 9 3 6  5 

* p = po lyp loids . Cel ls· were recorded only when they 
could be karyotyped . 

�" See t ext , presumptive 65 ,XYY cel l s .  
*** See text , ambiguous cel l s  suggestive of pos sible 

cytogenetic irregular i ty .  

TOTAL 

CELLS 

6 1  

4 2  

4 2  

1 8  

1 5  

1 5  

50 

Sixty-one cel ls were eva lua ted from one l eucocyte culture 

from H-39 (H- l l ' s  s ire ) .  Two cel l s  were found with chromosome counts  

of 65/38  acrocentrics , including the one presented in Figure III . 8  

whi ch contains a tri- radia l  chromosome arrangement . Therefore both 

the pos sibi l i ty of mosaic /chimaeri sm for a line containing 65 chromo­

s omes and the po ssibi l i ty of a mi totic chromosome instabi l i ty were 

sugges ted in H- l l ' s  sire . 

5 1  



Figure 111 . 8  
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Metaphase wi th 65 chromosomes and tri - radial 

(non- homo logous chromatid interchange ) involving 

chromosomes 1 and po ssibly 9 .  Thi s was one of 

two cel l s  wi th a chromosome count of 65 found in 

cultured ce l l s  from H- l l ' s  sire . ( Approx . X 5 , 000 ) 
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Figure 111 . 9  

( a )  A quadri radial chromo some arrangement invo lving 

ei ther homo l ogous or non -homologous chromatid 

interchange . Either two chromo some s from pai rs 

5 through 9 were invol ved , yielding a count of 

6 4 , XY ,  or a median sub-metacentri c and two median 

acrocentric chromosomes , yi elding a count of 65 . 

(X  1 0 , 000 ) 

( b )  Po s s ib l e  non-homologous chromatid interchange,  

probably invo lving a c hromosome from one of the 

pai r s  5 to 9 and pair 3. (X 5 , 000 ) 

Examples  of abnormal chromosome arrangements found 

in ( a )  one of H- l l 1 s  hal f  bro thers , H - 41 , and ( b )  

H- l l 1 s 1 9 78 co l t ,  H-57 . 
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I t  was thought that a mi totic instabi l i ty might also have 

exi s ted in H - 4 1 , one of H - l l ' s  hal f  brothers .  From each of H- l l ' s  

hal f brothers evaluated , 42 cel l s  were analysed . Two cel ls from 

H - 41 had pos si b l e  chromosome co.unt s  of 65 . On tab l e  3 -3 both these 

c e l l s  are l i sted under counts of "other" . In one of  these cel l s  i t  

was e qu ivocabl e  on the basis o f  metaphase morpho logy whether two 

c hromosomes i ndeed belonged to the metaphase . If they did the cel l 

was 65 / 28 non- acrocentric ,  i f  they did not i t  was 63 / 27 non- ac rocen­

t r i c .  The s econd ambiguous c e l l  had poor chromosome morphology and 

con tain ed the chromosome arrangement shown in Figure III . 9a .  If thi s  

arrangement c on tains a submetacentric and two acrocentric chromosomes 

t he count became 65 . A l ternatively , i f  this arrangement contain s 

two submetacentric chromosomes a normal 64/ 27 non- acrocentric mal e  

chromo some count resul ted . 

One of  H- l l ' s  1978 fi l l ies , H-59 , had two cel l s  out of only 

1 5  eval uated wi th possible chromosome counts of 65 / 28 non-acrocentric . 

These  c el l s  were l i sted under "other" on Tab l e  3 - 3 . In both cases 

the ' extra ' chromosome was an acrocentric consi stent wi th designation 

as one of the l arger autosomes , al though by metaphase morphol ogy it  

was ambiguous whether i t  belonged to  the metaphase . These cel l s 

rai s ed the po ssibi lity of mosaic/ chimaeri sm for a c e l l  line containing 

65 chromosomes , however , in one of H- l l ' s  f i l l ies . 

H - 5 7 ,  H- l l ' s  1978 colt , had a "�o ld" at the t ime he was 

s amp l ed .  Whi l e  hi s cel l s  grew wel l  i n  cul ture,  there were many 

abnormal metaphases present . An exampl e  of an abnormal chromosome 

arrangement found in one of these (unanalysed ) cel l s  is presented i n  

F i gure III . 9  b .  

I n  the cel l s  evaluated from H-68  there was no suggestion of 

a cel l line o ther than 63 , XO .  The dis tinctive double heterochromatic 

band on the C -banded X- chromosome ( Buckland et al . ,  1976 ) confirmed 

that H- 68 was an XO fil ly (Figure III . lO ) . In addi tion , G-banded 

preparations (Figure III . l l )  confi rmed the norma l cy of H-68 ' s  auto­

somal compl ement , as we ll  as the presenc e  of a single  X-chromosome . 

However ,  the possibi l i ty of another cel l l ine being present to the 

d egree of 6% was present at the 0 . 95 confidence l evel since 50 cel l s  

had been evaluated (Hook , 1 9 77 ) .  

In the relative s  and progeny of H- 1 1 ,  wi th the exception of 

JI - 68 , the number of po tential ly 63 ,XO c e l l s  evaluat.ed did not exceed 
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Figure 111 . 10 
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• • 

• • 

• • 
• 

C- banded cel l from H - 68 ,  an XO fi l ly sired 

by H- 1 1 .  The characteri stic X- chromosome ' s  

pos itive band on the long arm i s  di stinc t ,  

Pai r 1 3  di splays the heteromorphic chromatin 

pattern , whi l e  one acrocentric (arrow ) appears 

to have a chromatid break . ( Approx . X 5 , 000 )  
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Figure 111 . 1 1  G-banded cel l  from H - 6 8 ,  an XO fi l ly sired by H- 1 1 .  

(Approx . X 5 ,000 ) 
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the number of �el ls with. e s timated artifical chromosome loss . There­

fore , the cel l s  with count s  of 63/ 27 non- acrocentric chromosomes were 

a l so considered to represent random loss . 

On that basis , at the 0 . 95 confidence level , the degree o f  XO 

mosaicism that might have been present and gone undetec ted bec ause  

of  the numbers of  c e l l s  evaluated in H - l l ' s  relatives and progeny 

( except H-68 ) were , according to Hook ( 19 77 ) : H-39 , 5% ; H-40 and 

H - 41 , 7% ; H- 5 7 ,  1 6% ;  and H - 5 8  and H- 59 , 1 9% . 
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3 . 5 .  Di scu s sion 

There were at least five aspects  of H- l l ' s  cytogenetic and 

genetic pic ture that deserve further comment : ( 1 )  hi s fertility ,  ( 2 ) 

that he sired an XO fi lly ,  ( 3 )  the abnormal chromosome arrangements 

found in cu l tured cel ls of hi s relatives and colt , ( 4 )  his size and 

behaviour in view of his XYY cell line , and ( 5 )  the possibl e manners 

o f  formation of hi s mosai c /chimaeric condition . 

3 . 5 . 1 . H - l l ' s  Fertil ity 

There was l ittle reason to suspect either possible inferti l ­

i ty o r  sub- fert i lity in H- 1 1  because of  hi s chromosome constitution.  

Whi le some i mpairment of spermatogenesis  has been suggested in some 

human and mur i ne XYY males , the report s  are not consi s tent (Walzer 

e t  a l . ,  1 9 78 ; Burgoyne , 1 9 79 ) .  The maj ority of XYY and XY/XYY men 

are thought to be of normal fertility5 , al though some may be at risk 

o f  having abnorma l chi ldren (LeMarec et al . ,  1977 ) .  Though the 

sample  was very smal l ,  there appeared to be no sex bias in H- l l ' s  

progeny . An excess of progeny of one sex wou ld indicate selection 

against a proportion of gametes (Dorus and Gi l l espie , 1978 ) .  

In fact H- 1 1  appeared to be an above average sire .  By the 

rules  applied in calculating ferti l i ty rates for the Regi ster of 

Tho roughbred Stallions of  New Zealand , hi s rate was lOO% (over 15 

mares mated ) .  In 1978 H - 1 1  ran wi th the mares ,  but subsequent ly all  

( 13 )  mares he mated were said to have conceived to  fi rst service . 

Furthermore , out of nine mares mated to H- 1 1  which were capable of 

producing a l ive foa l ,  eight had produced o r  were producing a live 

foal at term. This yielded a functional ferti l i ty rate of 88% . The 

average for a Thoroughbred stal lion i n  New Zealand , based on reported 

f igures in the Regi s ter of Thoroughbred Stal lions of New Zealand , was 

between 50% and 60% . 

5 
What i s  normal ferti lity for a man , however ,  may be sub- ferti l i ty 
for  a s tal l ion . The cri teria of measurabl e  ferti l i ty in a man 
( progeny ) i s  based on nei ther the quanti ty nor qual i ty of individual 
a t tempts at i mpregnation , as i t  is in the stal lion.  



3 . 5 . 2 . H- l l ' s  XO Fi lly 

As a mosaic/ chimaera H- 1 1  may have been at risk of siring 

e i ther chromosomally abnormal ( Barr et al . ,  1964 ; Dewhurst , 1978 ) o r  

o therwise abnormal ( LeMarec et al . ,  1977 ) offspring . I n  catt l e  a 

fami lial  tendency for non-disj unction in a sire ' s  l ine associ ated with 

a high frequency of patho logi cal condi tions was identified by Rieck 
. \ 

e t  al . ,  1 970 ;  Rieck , 1974 ) .  Laj da et al . ( l976 ) discovered a bul l  

u sed for artifical insemination which was an XY/XXY/XO mixoploid . One 

o f  i ts offspring was an XO/XX mosaic , however 23% of its  offspring 

had hypoplastic gonads and were infertile .  

The discoverv of  an  XO  fi l ly ( H- 68 )  by H- 1 1  may have been 

fortui tous . Limi ted studies suggested that the XO condi tion was 
' 

r elatively common in the mare ( Blue et al . , 1978 ; Walker and Bruere , 

1 9 79 ; Trommer shausen- Smi th et al . ,  1 9 79 ) .  However , H- 68 was the 

f i rst  reported XO stil lbo rn  foal . H- 68 was also the first known XO 

p rogeny of a known mosaic /chimaeric s tal lion,  himself the first 

r eported XY/XYY/ ?XO stal lion . The dam of H - 68 was not avai lable for 

cytogenetic evaluation . She was 13 years of age at H- 68 1 s  foaling , 

but as yet there i s  no evidence of a maternal age effect on the 

o c currence of the XO mare ( see Chapter VII ) . The dam ' s reproduc tive 

h i s tory was incomplete , however , she had had at least four consec­

u tive normal l ive foa ls prior t o  H- 68 , which made her an above 

average brood mare . 

The cause of H-68 1 s  death was probably internal haemorrhage . 

Indirectly ,  however , the cause of death was mos t  l ikely the foetal 

mal posture which lead to the dystocia . Breech presentation i s  a 

relatively common obstetric complication in the hors e ,  and i t  fre­

quent ly leads to peri -natal death due to internal haemorrhage ( Bru�r e ,  

p ers . comm. ) .  Thu s ,  as far as was known , i t  was only by chance that 

H - 68 did not enter the popu lation as another inferti le mare , thereby 

reducing the breed ' s  ferti l i ty .  

However , there was no information on the incidence of chromo­

some anomalies in peri -natal equine mortal i tie s .  In humans chromosome 

abnormalities are frequently found in peri-natal and neonate mor tal ­

i ties (Alberman and Creasy , 1 9 77 ;  Suther land et al . ,  1978 ) . The 

foetal mechani sm that resu l t s  in the breech presentation is unknown 

.Ueffcott and Rossdal e ,  1979 ) ,  so i t  i s  not impos sible that H- 68,' s 

XO chromosome constitution may have contributed to her death . Further-

5 9  



mor e ,  as no autopsy was carried out i t  was poss ible that H-68 may have 

had a major developmental defec t ,  such as heart . .  ano�.lies whi ch are 

f requent ly found in new born anima l s  (Bruere , pers . comm. ) and XO 

infants ( Singh and Carr , 1966 ) ,  which may have also contributed to her 

death . 

If there is  a tendency for mosaic/chimaeras to sire cytogenet­

ical ly abnorma l off spring , the pos sibi l i ty that there are a number of 

fer t i l e  mosaic/chimaeras in the horse population woul d  be sugges ted 

by the f requency of the XO condition in the domes tic horse . The possi­

bi l i ty of  mos aic / chimaeri sm in H- l l ' s  sire (H-39 ) and one of  H- l l ' s  

f i l l i es (H- 59 ) was also considered , i n  view of H-68 , suggestive of 

cytogenetic ins tabi l i ty in mo saic/chimaeric horses . 

3 . 5 . 3 . The Abnormal Chromosome Arrangements in the Cul tured Ce l l s  

of H- l l ' s  fami ly. 

The abnorma l chromosome arrangements seen in cel ls from 

H - l l ' s  fami ly ( Figures 1II . 8  and III . 9  ) are occasional ly seen in 

cu l tu red . cel l s . of domestic �nimals ( e . g . , Blue ,  1976 ) ,  however they 

have not been specifical ly s tudied in such spec ies . In human cel l 

cul tures these abnormal chromosome arrangements occur rarely , and 

whi l e  they may relate to in-vi tro condi tions (P . Fit zgeral d ,  per s .  

comrn. ) they are difficu l t  to induce with high frequency or repeat­

abi l i ty ( Stah l - Mauge et al . ,  1 9 78 ;  Mattei et al . ,  1 9 79 ) .  A chromatid 

break and an error in i ts repai r mus t be postulated for thei r form­

ation ( S tahl - Ma.uge'" et al . ,  1 9 78 ) .  

In humans such abnormal chromosome arrangements , especially 

the tri- radial s  ( Figures 1II . 8 ,  111 . 9b and possibly III . 9 a ) , are 

assoc iated wi th s pecific fragi l e  si tes on chromosome s  and are seen 

wi th increased frequency in s i tuations of chromosomal instabi l i ty and 

i n  fami l ial aggregations ( Shi raishi and Sandberg , 1 9 77 ; Arlett and 
, 

Lehmann , 1978 ; Stah l - Mauge et al . ,  1 9 78 ; Mattei et al . ,  1979 ) .  Even 

in condi tions and human fami l i e s  where these configurations are 

" frequently" found , they have been calculated to occur only in the 
4 , 

o rder of fou r out of 10 cel l s  evaluated ( S tahl - Mauge et al . ,  1 9 78 ) .  

If the frequency of occurrence were the same in horses as in humans , i t  

i s  beyond probabi l i ty that one such ce l l  would be seen in each o f  

three _ cultures during evaluation o f  less  than lOO cel l s .  Blue 0 976 ) 
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found one such arrangement , involving chromosome pai r  number 1 1 , in a 

64 , XY  embryo duri ng evaluation of 250 cel l s . So the question remained 

o f  pos sibl e fragi le si tes in the �. £ ·  caba l lu s  karyotype.  On the 

o ther hand , there may be a high frequency of chromatid  breaks in 

certain horses , as in certain human fami'l i es and cond itinns ( Shiraishi 

and Sandberg , 1 9 77 ; Arl ett and Lehmann , 1 9 78 ;  Mattei et a l . , 1979 ) .  

I t  was obvious , even i n  Figure III . 9a ,  that al l the chromosomes 

i nvo lved in these abnormal arrangement s  wer e  not the s&�e , although a 

medium- sma l l  sub-metacentric may have been invo lved i n  al l three possi­

b l e  tri - radi a l  examples . Thi s rai sed the pos sibi l i ty of a fami l ial 

abnormal chromosome( s ) .  Abnormal chromosomes have been implicated in 

humans with a tendency tm,ard mitotic and meiot i c  instabi l i ty (Buchanan 

e t  al . ,  1976 ; Ford and Lester , 1978 ; Fryns et al . ,  1 9 78 ; Heri tage et 

a l . ,  1 9 78 ;  Karden et al . ,  1980 ) . 

If an abnormal chromo some( s )  was present in H- l l ' s  fami ly ,  

i t  woul d  not , from the limited evidence of thi s study , seem to effec t 

fer ti l i ty .  However , the pos sibi l i ty remained that an abnormal chromo ­

some ( s )  may have been invo lved in the occurrence of ·· en XO mare ( H- 68 ) 

whos e  s i re was a mosaic/chimaera . 

The mos t  exci ting aspec t  ot the pos sibi l i ty of  an abnormal 

chromosome ( s )  was i ts occurrence in a ferti l e  anima l  who could be 

used i n  genet i c  research . Thi s might be one key to tracing gene 

l inkage and eventual ly to mapping equine chromosomes . 

3 . 5 . 4 .  H- l l ' s  Si ze and Behaviour in Vi ew _ of  Hi s. XYY line 

3 . 5 . 4 . 1 .  H- l l ' s  s i ze 

H- 1 1  was referred for cytogenetic  analysi s because he 

appeared to be unusually large for hi s age , when compared with his 

paternal hal f - sibs and other colts in that part of N ew Zealand . He 

was a lso consi dered to be large at birth .  

From avai lable evidence ,  H- 1 1  was a low l evel XYY mosaic/ 

chimaeric foa l . Birth weight and length in XYY boys are wi thin normal 

range ( Owen , 1972 ; Ratc l i ff�, 1 9 76 ;  Wal zer et al . ,  1 9 78 ) .  However , 

humans are born at an altricial ( foetal ) stage of development and 

hor s e s  are born at an precoc ial one , so any compari sons between these 

spec i es should more proper ly be made at equ ival ent developmental 
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s tages . The stage of development in  horses during the last eight 

weeks of gestation wou ld s eem to be, in so far as rapid 

bone formation,  hardening of tendons and l igaments ,  and strengthening 

of musc les ( Axe , 1907 ; Barone and Berti n ,  1966 ) , about equivalent to 

a t\W to four year old  chi l d .  

Height and rate o f  growth are commonly el evated in  XYY boys , 

who normal ly experi ence a bri ef spurt of growth at some time between 

2 . 5  and 4 years of age and another during ado lescen se (Dal y ,  1 9 69 ; 

Ratc liffe , 1 9 76 ) .  A growth spurt occuring during the equival ent peri ­

ods in a hor se could res u l t  i n  an unu sual ly large foa l . By the age of 

nine months H- 1 1  had attained a s i ze of 1 63 . 75 cm ( 1 6 . 1� h . h . ) ,  an 

average height for a mature male of his breeding but above average for 

an 1 1ado lescent 1 1  co l t .  Hi s subsequent rate of growth, based on gener­

a l i zed equine s i ze for age data (Axe , 1 907 ; Hintz et al . ,  1979 ) seemed 

to be normal . 

H- 1 1  was in s i ze at the extreme end of the Thoroughbred 

height distr ibution (Wi l loughby,  1 9 74 ) .  The maj ority of XYY men are 

a l so reported to be in the u pper percent i le of the human height distri ­

bu tion ( Owen , 1972 ) . However , by compari son , no abnormal i ty of s i ze 

v;as noted in ei ther the XO/XYY or XYY mice reported ( Cattanch and 

P o l lard , 1969 ; Evans et a l . , 1 9 69 ) .  

Thus , nei ther H - l l ' s  rate of growth nor attained s i ze 

contradict s the possibi l i ty o f  an inf luence by hi s XYY cel l l ine on 

hi s phenotype . 

In terms of the genetics o f  phenotype in domestic anima l s , 

i t  i s  thought that gene sys t ems whi ch have a general effec t on  growth 

have a relat ively strong influence at early ages (Johansson and 

Rendel , 1968 ) .  Group s pec i f i c  gene systems inf luencing skel etal 

gro\vth and probably gene systems inf luencing specific traits such as 

height at wi thers , weight and body l ength , are thought to become more 

important as the animal d evel ops ( Johans son and Rendel, 1 9 68 ) .  

In the Thoroughbred , heri tabi l i ty estimates are relatively 

l ow for the components of s i ze of young . foa ls , such as weight , height 

at wi thers and cannon bone c ircumference (Hint z et al . ,  1978 ) . The 

components of mature stature in horses ,  on the other hand , have a 

high heritabi l i ty ,  for exampl e  height at wi thers 0. 44- 0 . 88 ( Kalmykov , 

1 9 75 ; Wrankmore , 1 9 76 ; Hintz et al . ,  1 9 78 ) . The si ze of H- l l ' s  fi l ly 

out of a pony mare , H-58 , at nine months of age ( 1 5 6 . 25 cm or 15 . 2� 

6 2  



h . h . ) sugges ted a strong genetic component t o  H- l l ' s  size. Al though 

H - l l ' s  sire  was a good si zed Thoroughbred , he was not considered to 

be  of exceptional size . However , H- l l ' s  dam may have contributed 

genes promoting large stature to him since hi s maternal half- brothe r ,  

a s  a gelding , was repor ted to have attained a height a t  wi thers of 

1 72 . 3  cm ( 1 7 . 1 h . h . ) .  

H- l l ' s  rate of growth exceeded tho se of o ther pasture 

fed colts in hi s area . Post-weaning growth rate in domestic animals 

i s  sex inf luenced , but appears primari ly a ref lec tion of efficiency 

o f  feed conversion (Johansson and Rendel ,  1 9 68 ) ·. However , it was 

c onsidered doubtful that H- l l ' s  growth differential could be total ly 

accounted for by superior feed conver sion effi ciency . 

In horses there i s  a strong maternal inf luence on birth 

weight and si ze as shown by cross- bred foal s ( Johansson and Rende l , 

1 9 68 ; Jones  and Bogart ,  1 9 7 1 ) .  How much maternal effects may have 

contributed to H- l l ' s  large birth s i ze can not be known, other than 

that she was able to carry the foal to term . H- 1 1  was nursed on a 

pony mare , but thi s should have had no marked effect upon hi s rate 

of growth . In a l l  other respects hi s management was reported to 

have been normal for a Thoroughbred . 

In summary , i t  was thought that H- l l ' s  rate of growth and 

attained size were unusual . It seemed possi b l e  that hi s XYY line 

may have influenced hi s rate of growth , a l l owing him to attain hi s 

genetically  determined potential . 

3 . 5 . 4 . 2 . H- l l ' s  behaviour 

XYY and XYY mosaic men have been suggested to be at high 

r i sk for aggressive and ant i - social behaviour , sub- intell igence and 

weak gender identity or homosexual tendencies ( Daly , 1969 ; Owen , 1972 ; 

P rice et a l . , 1976 ; Bulrich et al . ,  1 978 ; Wa lzer et al . ,  1978 ) .  The 

suggestion of such risks may ei ther be so lely sampl e  bias or represent 

a primarily subj ective cul ture or species specific evaluation (Hook , 

1 9 73 ; Hook , 1979 ) .  No non-humans wi th thi s chromo some constitution 
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had been s tudied behavioural ly.  No "mental" or behavioural abnormali ties 

were discovered in XXY sheep by Ki lgour and Bruere ( 1 970 ) or Bruere 

and Ki lgour ( 1974 ) .  On the o ther hand , individual XO mares had been 

reported to be difficu l t  to handle  ( B lue , 1 976 ; anonymous ,  per s .  comms. ). 



H- 1 1  was a placid , good tempered stal l ion which was reported 

t o  have never shown. aggressive tend�cie s .  He had displayed no signs 

of  abnormal sexual .behaviou_r. According to Pickett et al . .0 9 77 ) ab­

normal sexual behaviour commonly can occur in s ta l lions which, l ike 

H - 1 1 ,  begin s tud duties relatively young and have been treated roughly 

by a mare . 

The various reports received on H- l l ' s  behaviour were 

c onsi stent wi th an opinion that , wi th the possible exception of l es s  

than norma l agoni stic behavi our , he di splayed normal (male ) behaviour 

for his species , in so far as his restricted environment allowed . 

3 . 5 . 5 .  Po ssible Manner s  of Formation of H- l l ' s  Mosaic/Chimaerism 

The limi tation of c e l l s  evaluated to those of mesodermal 

o rigin , limi ted as wel l  s peculation as to bo th the extent of H- l l ' s  

mosaic /chimaerism and the po ssibi l i ty of who le body chimaerism . Haem­

o poietic chimaerism ,  however ,  cou ld  be exc luded since evidence of an 

XYY cell  l ine was found in both leucocytes and skin cu l tures . 

H- 1 1  was the f i r s t  report of an equine ( presumptive ) XY/XYY/XO 

mixoploid . Wi thout di fferential staining it  is  impossible to specif-

i ca l ly identify the Y -chromosome in the horse . Since only conven-

tional Giemsa stain was used on chromosome preparations from H- 1 1 ,  the 

65 , X  line was assumed to be 65 , XYY . Thi s was both by convention and 

because abnormali ties of the sex chromo somes are mos t  consi stent wi th 
I I 

viabi l i ty ( e . g . , Boue and Boue ,  1 9 74 ) .  That there could have been a 

t rue mosaic 63 ,XO l ine fo l l owed from the mos t  simple  manner of  formation 

of  such a mixoploid . 

The most simp l e  manne r of mosaic formation of H- l l '  s mixoploi dy 

was non- disjunction occuring in ei ther a XY blastomere or XY primordial 

c el l ,  creating minor XYY and XO cell lines ( Fo rd , 1969 ) ,  and pos tu­

l a ting pro li ferative o r  selec tive advantage to the normal 64 , XY cel l s .  

I .t  was interesting that a l l  H- l l ' s  progeny , irrespective of 

the colouration of thei r  dam , had been reported to have had four 

·tal l  whi te socks . Thi s raised the question of  the possibi lity of 

genomic segregation having been invo lved in the non -disjunctional 

event that cou ld have resul ted in H - l l ' s  mosaic/ chimaerism. Markings 

of the extremities of the horse are thought to be under polygenic 

d etermination (Castle , 1 948 ; Jones and Bogart ,  1971 ) and may be ei ther 
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recessive o r  weakly dominant in l i ke coloured horses (Jones and 

Bogart , 1 9 7 1 ) .  It  seemed unlikely that H- 1 1  cou ld have been 

homozygous and dominant at a l l  loci for that trait unless some 

o ther factor were invo lved . · No information was avai l able on the 

fac ial markings  of H- l l ' s  progeny , except by mare 1 1B 1 1  whi ch showed 

marked simi lari ty to thei r s i re ( Fi gures 111 . 2  and III . 3b ) , and H-57 

and H - 59 which both had whi te face markings . Genomic segregation or 

some sort of homo logous chromosome interchange invo lving multiple  

loc i could  be the more simple  explanations for  l inked transmi ssion 

of mul ti p l e  a l l eles . 

3 . 5 . 6 .  Summary 

H - 1 1  was the fi rst report of a XY/XYY/ ?XO mosaic/ chimaera . 

He was ful ly ferti l e ,  however ,  he s i red an XO f i l ly .  Thi s fi l ly was 

the first  reported sti l lborn XO mare . L imi ted cytogenetic investi­

gat ions were a lso  carried out on H- l l ' s  sire,  two of his half- brothers 

and three of his other progeny . The results  of  these suggested that 

o ther cytogenet i c  irregu lari ties might exi st wi thi n  the kinship . · 
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CHAPTER IV 

H - 5 22 A MARE OF DISTINCTION 

4 . 1 .  Introduction 

H- 5 2  was referred for cytogenetic analysis as a suspected XO 

mare . She was a seven year o l d  T horoughbred mare who was reported 

to have had two unsuccessful seasons at stud.  Fo l lowing evaluation 

of chromosome preparations from cul tured lymphocytes , H-52 was ten­

tatively diagnosed as a 64 ,XX/ 65 , XXY mosai c /chimaera. A second 

b lood sample was obtained to confirm that diagnosi s .  However , the 

second evaluation showed XX/XXX/XXY mosaic / chimaeri sm. H-52 ' s  owner 

donated her for further study . She arrived at Massey University on 
the l s ·t  of MA.rch , l<l79 . 

In - vi ew of H- 5 2 ' s  unu!5ual mixoploid mosaic/chimaerism, it  was 

dec ided that she shou ld be described in as mAny aspects as possible. 

However , �ome of these aspects ,  for example  behaviour , had to be 

l imited to descriptive and subj ective observations . 

I t  was considered significant that H- 5 2  existed .  Time and the 

investigation of other mares with her chromo some constitution ( s )  wi l l  

determine the significance of both the cytogenetic findings and the 

observations in this Chapter . 
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Figure IV . 1  Left lat eral view of H- 5 2 .  



4 . 2 . Materials and Methods 

4 . 2 . 1 .  Description 

Sex : 

Foaled : 

Breed : 

Co lour : 

female 

1971  

Thoroughbred 

chestnut 

S i ze :  15 1 . 25 cm ( 15 . � h . h . ) at withers 
( d imensions given in Appendix Ilia ) 

Weight : 43 1 . 8 2 ki lograms ( at autopsy ) 

Age of sire at birth : 

Age of dam at birth : 

10 years 

8 years 

H- 52  is shown in the fronti spiece and Figure IV . l .  

4 . 2 . 2 .  Hi story 

H - 5 2  was referred to the cytogenetics unit at Massey 

University in November , 1 9 7&� a s  a suspected XO mare. She wa� then 

s even years o ld ,  and was r eported to have had two unsuccessful sea­

sons at s tud. Both her ovaries were said to be 1 • .'> cm in size.  In 

Jan�ary , 1979 , it was reported that she had come into oestrus and a 

2 .0 cm fol li c l e  was · pal pated per rectum by her vet erinarian. At 

that t ime her left ovary was said to be 2 . 5  cm in length and e l ongated 

and the right ovary 1 . 25 cm and round . She was not served since i t  

was then t oo late for the mare t o  foal within the acceptable period 

for Thoroughbreds . 

4 . 2 . 3 .  Cytogenetic Materials  and Methods 

4 . 2 . 3 . 1 .  Cel l Cu ltures 

Lymphocytes were cul tured as described in Appendix VI .  Over 

f if teen separate lymphocyte cul tures were made from blood from H- 5 2 .  

From each of four lymphocyte cu ltures 30 or more cel l s  were evaluated . 

From eight of the other cul tures a total of 55 cel ls were also 

evaluat ed . 

Solid t i s sues were cul tured using the procedures outlined in 

Appendix VI . Tabl e  4- 1 gives the tissues , the technique used per 

culture set ( individual cul ture f lasks ) ,  and the minimum and maximum 
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Table 4- 1 

Summary of cell . culture teclmiques 
non- lymphocyte cultured cel l s .  

TISSUE (flas� TECHNIQUE 

Skin I- s ( 1 - 4 )  plllsma c l ot 

Skin I - ss { l - 4 )  plasma c l ot 

U t erus II ( 1 - 6 )  plasma clot 

Skin II ( l )  plasma c lot 
( 2 )  pla sma clot 
( 3 ) plasma c lot 
( 4 )  plasma c lot 

P e r i toneum I ( l )  plasma c l ot 
( 2 )  plasma c lot 
C l >  p l asma c lot 
( 4 )  plasma c lot 

Uteru s  Ill ( l )  p lasma c lot 
( 2 )  plasma c lot 
( 3 )  pl asma c lot 
( S )  plasma c lot 

Left ovary { 2 )  pl asma c lot 
( 3 )  plasma c lot 
( 4 )  plasma c lot 

Right ovary ( l )  plasma c lot 
( 3 )  plasma clot 

Right cornea { l )  plasma c lot 
( 2 )  p l asma c lot 

Left cornea ( l )  p lasma c lot 
( 2 }  pl asma c lot 

Right retina ( l )  plasma c lot 
( 2 )  plasma c lot 

Left retina ( l )  plasma c lot 
( 2 )  pl asma c lot 

Broad l igament ( l )  plasma c lot 
( 2 )  plasma c l ot 
( 3 )  

Intestinal 
plasma c lot 

mesentery ( l )  plasma c lot 
( 2 )  pl asma clot 
( 3 )& ( 4 )  plasma c l ot 

Kidney ( 3) trypsin 
( 4 )  trypsin 

Lung ( 4 )  pl asma clot 

Thyroid ( 1 )  trypsin 
( 4 )  pl asma clot 

Parathyroid ( l )  plasma c lot 
( 2 )  pla sma c lot 

Peri toneum II ( 2 )  trypsin 
( 3 )  plasma c lot 

S pleen ( 1 )& ( 2 )  trypsin 
( 3 )  plasma c l o t  
( 4 )  plasma c lot 

Smooth mu s c l e  
( l )  pla sma c l ot ( duodenum ) 

and culture periods 

DAYS IN CULTURE 

�� 
10 

10 

28 

11 
30 
44 
30 

24 
20 
18 
1 8  

3 0  
4 6  
7 6  
4 6  

2 0  
2S 
2S 

22 
25 

1 2  
1 2  

1 2  
1 2  

20 
1 7  

2 7  
28 

37 
20 
2 7  

2 7  
28 
2 7  

20 
2S 

25 

20 
30 

20 
1 7  

30 
40 
20 
2 7  
40 
20 

MAXH!UM - . . . ----

48 

24 

63 

32 
1 20 

so 
30 

24 
46 
30 
26 

76 
46 
76 
76 

43 
36 
34 

34 
43 

30 
16 

26 
1 6  

40 
37 

30 
3 7  

3 7  
20 
2 7  

3 7  
4 2  
40 
20 
2S 

40 
20 
66 

so 
33 

40 
42 

20 
48 
40 
50 

Note : Chromosome preparations from c u l ture w i th minimum c u l ture 
t i mes were analysed . However , no c u l ture effect on proportions 
of cel l types present was noted , with possible exception of 
u t erus II . 
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cul ture period for each set . Cel l s  u sed for chromosome analysi s ,  from 

a l l  t i ssues evaluated , had the minimum culture time .  S ets of cel l  

cul tures were analysed separate ly ,  however there was no difference 

in the proportions of the c�l l types present between set s .  

No attempt was made t o  separate component tis sue types 

( e . g . , epi thel ium , endothelium , vascular element s )  except in Skin I ,  

where an attempt was made to dissect epidermis (Skin I- s )  from dermi s 

( Skin 1 - s s ) .  By cel lu lar morphology in-vitro ,  the corneal cel l cul ­

tures  were predominately endothel ial , Uterus II almost exclusively 

e pithel ial - l ike and Uterus Ill , kidney and thyroid cel l  cul tures 

showed a mixture of epithelial - like and fibroblast- like cel ls . 

The Skin I cul tures were init iated from a skin biopsy taken 

under local anaesthesia from the left foreshou lder and Skin 11 was 

o btained from the abdomen during an exploratory laparotomy. Per it ­

oneum I and Uterus Ill were .al so obtained during that laparotomy . 

Uterus 11 cul ture was init iated from an endometrial biops� Al l other 

cel l cul tures were initiated from tissues obtained at autopsy. 

The maj ority of H- 5 2 1 s  cel l s  had a diploid count of 65 

chromosomes ( 6 2  autosomes and 3 sex- chromosomes ) .  As 65 was the 

modal number , s tandard cyt ogenetic terms have been placed within 

s ing l e  quotation marks when they refer to the usual 2N ; 64 for the 

hor s e .  

To estimate the amount of ' pseudodiploidy ' ( 64 , XX  cel l s  

present through art ifact ) ,  the percentage o f  cel ls  evaluated per 

t i s sue which had chromosome .counts of � 6 2 ,  63( 28 ) ,  63 ( 29 )  and 64 ( 29 )  

was used . The number - in parenthesis represents the differential 

nqn - acrocentric chromosome count . Cel l s  with differential chromosome 

count s of 64 ( 28 )  in exces s of thi s estimated rate of artifactual 

aneup loidy were considered to represent true ' diploid ' cel ls . 

4 . 2 . 3 . 2 . Sex- chromatin Investigations 

Sex chromatin investigations were carried out as is described 

in Appendix VI . 

4 . 2 . 4 .  Examinations and Observations 

Veterinary aspects  of H - 5 2  were investigated by members of the 

Department of C l inical Sc iences ,  Massey Univers ity . 
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Opinions and advi e was sought from persons wi th experience 

wi th normal horse s .  Some aspects of H- 5 2 �  behaviour were brought to 

the attention of the author , others were no ticed during personal 

involvement with the mare . 

The author had c lose dai ly assoc iation wi th H - 5 2  whi le the 

mare was at Massey Univers i ty .  Thi s  permi t ted con tinuity of obser­

vation and t rained one person to recogni ze some subtl et i es of H- 5 2 ' s  

b�havi our. On the other hand , the relationship that developed as a 

resu l t  of that daily contact c l early influenced some o f  the mare ' s  

react ions when the author was present . However , for a good part of 

H - 5 2 ' s  s tay she was in a paddock whi ch could be observed over extended 

periods from the 7th floor t i s sue cul ture l aboratory of  the Veterinary 

Tower . 

The author , as primary observer , was constant ly aware of the 

probabl e  bias introduced both by the relationship between observer 

and the mare , and by per sonal unfami liar i ty wi th equine behaviour 

Therefore , whenever possible personal observations and opinions were 

checked by o ther people .  
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4 . 3 .  Resu l ts 

4 . 3 . 1 .  Resul ts of Cytogenetic Investigations 

Ti ssu es from H- 5 2  whi ch were examined for mosaic/chimaeri sm, 

u sing c e l l  culture technique� are given bel ow according to the prtn­

c i p l e  presumptive embryonic germ layer from which they arose (Arey , 

1 9 6 2 ; Duke , 1 970 ; Marrab l e ,  1 9 7 1 : Gui l lemin , 1977 ) .  

Ectoderm 

retina ( left ) 
retina ( right ) 
cornea ( left )  
cornea ( right ) 
skin ( epidermi s )  
parathyroid (upper ) 

Entoderm 

thyroid 
lung 

Mesoderm 

kidney 
spleen 
T - lymphocytes 
smooth musc le of duodenum 
intest inal  mesentery 
peri toneum 
ovary ( left ) 
ovary ( r ight ) 
b road l igament 
uterus 
skin (dermis ) 

A total of 947 metaphases were evaluated from H-52  (Table 4 - 2 ) . 

Four- hundred and ninety- four of these ( 5 2 . 2% )  contained 65 chromo somes . 

The cel l s  with 65 chromosomes had differential counts ei ther of 28 

non-acrocentric cnromosomes ( Figure IV . 2 ) which were confirmed by 

G - banding to be 65 ,XXY cel l s  ( Fi gure IV . J ) ,  or 29 non- acrocentric 

chromosomes ( Figure IV . 4 )  whi ch were confirmed by G- banding to be 

6 5 , XXX cel l s  (Figure IV . 5 ) .  There was the sugges tion of a minor 64 , XX  

c el l  l ine i n  both leucocyte cul tures and one skin cul ture ( Figures 

IV . 6  and IV . 7 ) .  Furthermore , there was evidence of a l ine or l ines 

c ontaining 66 chromosomes in non - l eucocyte cul tures . On the basis  of  

chr omo some morpho logy thes e  cel l s  were found to di splay either 6 6 , XXXY 

( Figures IV . 8  and IV . 9 )  or , in three case s , 6 6 , XXXX ( Figures IV . lO and 

IV . 1 1 ) .  No suggestion was found of ei ther a 63 ,XO or . ..6.4 ,XY ce.l. L l ine .  

In addi tion 897 neurons from H- 5 2 '  s c erebel lum. �awi. s.pinal . cor.cL 

(Ec todermal germ layer ) were examined fo r sex-chromatin . Some cel l s  

were found wi th two sex- chromatin bodies  (Figure IV . 1 2a) which con, , 

A f i rmed the presen�e of two inactive X- chromosomes in those neurons . 

f ew cel l s  were found with three sex- chromatin bodies , confirming the 

presence of three inactive X- chromosomes in some neurons . There was 

no sugges tion of either an XO or XY cell  l ine in the neurons examined . 
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Table 4- 2 

The di stribution of  gross  chromosome counts from H- 5 2 ' s cultured cel l s �  

DISTRIBUTION OF GROSS COUNTS TOTAL TISSUES 
� 62  63 64 65 > 65 Polyploid* CELLS 

Lymphocytes 1 8  24 77 78 . 1 2 200 

( % )  ( 9  . 0 }  ( 1 2 . 0 )  ( 38 . 5 )  ( 39 . 0 )  ( 0 . 5 ) ( 1 . 0 )  

Sol i d  
Ti s sues 9 2  5 3  1 1 6 41 6 2 1  49 747 

( % )  ( 1 2 . 3 ) (7 . 1 )  (15 . 5 ) (55 . 7 )  (2 . 8 )  (6 . 6 )  

TOTAL 1 1 0 77  1 93 494 22 5 1  947 

( % )  ( 1 1 . 6 )  ( 8 . 1 ) ( 20 . 4 )  ( 52 . 2 )  ( 2 . 3 )  ( 5 . 4 )  

*Polypl oi d cel l s  were reco rded on ly i f  
they coul d be karyotyped . 
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Figure IV . 2  

• 

A metaphase containing 65 chromosomes , 28 

non-ac rocentric ( approx . X 5 , 000) . By 

convent ion the 37th acrocentric was 

designated a "Y" chromosome . 
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Figure IV . 3  G-banded metaphase contaipi�g 65 chromo somes , 

28_ non-acrocentric , confirming the 65 , XXY  

c e l l  l ine ( approx . X 5 , 000 ) .  
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Figure IV . 4  
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A metaphase with 65 chromosomes , 29 non- acrocentric , 

designated 65 ,XXX on the basis of chromo.some 

morphology ( approx . X 5 ,000 ) .  
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Figure IV . 5  
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G- banded metaphase containing 65 chromosomes ,  

29 non-acrocentric , confirming the 65 , XXX 

cel l l ine ( approx . X 5 , 000 ) . 
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Figure IV . 6  A metaphase wi th 64 chromosomes ( 28 non- acrocentric ) 

con taining two X- chromosomes (approx. X 5 , 000 ) .  Thi s 

cel l may represent ei ther a 64 , XX cel l or one wi th 65 

chromosomes . that has lost a chromosome through artifac t .  
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Figure IV . 7  
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Another example  of a 64 , XX  cel l from H- 5 2  

( approx. X 5 ,000 ) . 
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Figure IV . 8  

\ 

I 

One o f  the metaphases wi th 66 chromo some s 

( 29 non- acrocentric ) ( approx . X 5 , 000 ) . On the 

basi s  of chromosome morphology and by convention 

this cel l was designated 6 6 , XXXY .  
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Figure IV . 9  
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Another metaphas e  wi th 66 chromosomes 

( 29 non- acrocentric ) designated 66 , XXXY 

( approx . X 5 , 000 ) . 
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Figure IV . 10 

• J 
One of three metaphases with 66 chromosomes 

( 30 non-acrocentric ) (approx . X 5 , 000 ) . Thi s c e l l  

was designated 6 6 ,XXXX on the basis of chromosome 

ro.o.rpho logy . Confi rmation of thi s  designation was 

obtained from sex- chromatin studi es . 
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Figure IV . 1 1  
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Another of the three metaphases designated 

6 6 ,XXXX (approx . X 5 , 000 ) .  
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Figure IV. l 2  a 

Figure IV . 1 2b 

An example of a neuron wmth two sex- chromatin 

bodies , in the nucleoplasm, confirming the 

presence of either XXX or XXXY cel l s  (X 3 , 500 ) .  

An example of a neuron with one sex- chromatin 

body in the nucleoplasm, whi ch could represent 

either a XX or XXY cel l  (X 3 , 500 ) .  
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4 . 3 . 1 . 1 .  Resu l ts of lymphocyte cu l tures 

' I  I ,  

Resu l t s  of chromosome counts from cul tured lymphocytes 

are given as gross  ( un-differentiated ) count s  in Table  4-� and 

parti tioned by the differential non-ac rocentric chromosome count 

in Table  4-4 .  

An hi s togram representing the proportions of  the cel ls  

counted with 64 and 65 chromosomes , which by their differential 

count had 64 , XX ,  65 , XXY and 65 , XXX karyotypes , is  presented in 

Figure IV . l3 .  No adj us tment was made fo r possible artif�� �ual 

64 , XX c e l l s  when cal culating the propo rtion s  shown in Figure 

IV . l3 .  

Overal l  the estimated rate of arti factual aneuploidy 

was 24% . However , since the maj or component of that rate was 

from one cu l ture (number 11 ) ,  a 64 , XX l ine was believed to have 

exi sted in H- 5 2 ' s lymphocytes . Only one c e l l with 63 / 27 non­

acrocen tric chromosomes was found . Thi s c e l l might have been 

63 , XO ,  but since only one was found i t  was con sidered to be an 

artifact . 

I ' • 
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CULTURE 
NUMBER 

11 
III 

IV 

VI 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

Total 

( % )  

Tabl e  4- 3 

The di s tri bu tion of gross chromosome counts  
i n  H - 5 2 ' s c u ltured lymphocytes . 

DI STRIBUTION OF GROSS COUNTS 

� 6 2  6 3  6 4  6 5  > 65* Polyploid* 

5 1 2  1 3  1 3  1 

2 4 1 2  1 6  1 

2 2 

3 3 1 5  1 2  1 

2 2 1 3  1 5  

... 4 4 

3 2 1 

1 2 4 1 

1 2 2 

6 4 

1 2 7 

1 2 1 

1 8  24 7 7  78 1 2 

( 9  . 0 )  ( 1 2 . 0 )  ( 38 . 5 )  ( 39 . 0 )  ( 0 .  5 )  ( 1 . 0 )  

* Part o f  a po lyp loid cel l . 

TOTAL 
CELLS 

44 

3 5  

4 

3 4  

3 2  

8 

6 

8 

5 

1 0  

1 0  

4 

200 

** Pol yp l oi d  cel l s  uere only recorded when they cou l d  
b e  karyotyped . 
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Table  4-4  

Condensed distributions of  differential chromosome 
counts from H - 5 2 1  s cul tu red lymphocytes .• 

DISTRIBUTION OF DIFFERENTIAL COUNTS 

63 64 65 >65  
CULTURES �62  

( 28 ) (  17 ) ( 29 ) ( 29 ) ( 28 ) ( 29 ) (  28 ) ( - ) 
P* 

-- -- -- -- -- --- --- -- -- --

Blood  11  5 10  Z** - 1 3  l 1 2  1 

Blood III 2 4 1 1 1  8 8 1 
B lood VI 3 3 15 9 3 l 
B l ood IX 2 2 2 1 1  7 8 

Others*** 6 2 1 3 21 17 5 

Tar .AI.. 1 8  2 1  3 0 6 7 1  42  3 6  l 2 
( % )  (9 . o) {10. 5) (1 . s) (o) (3 .q  {35 .  s) (21 . o)(1 8 .  �(o . 5 )  (1 . 0) 

"Broken cel l s11 = 24% 

*P = polyploids . Cel ls were recorded only when they could be 
karyotyped . 

** These were 63 , XX  cel l s  

TOTAL 

CELLS 

44 
35  
34 
3 2 

55  

200 

*** Combination o f  counts from cultures where less than 30 cel l s  
were evaluated . 
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Figure IV . 13 

Ill 
( 27 )  

VI 
. ( 27 ) 

IX 
( 26 ) 

Others 
( 43 )  

TOTAL 
PROPORTIONS 

Hi stogram of  cul tured lymphocytes analysed wi th 
( gros s )  counts of either 65 or 64 chromosomes , 
showing the proportion s ( % )  of XX ,  XXX and XXY 

cel l s .  Ill = 64 , XX,  ?:! = 65 , XXX and �= 65 , XXY . 
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4 . 3 . 1 . 2 .  Resu l t s  o f  c u l tured c el l s  ( o ther than lymphocytes )  

The gross di stribu tion o f  chromo some coun t s  f rom cu l tu red 

c e l l s  o ther than lympho cy tes are presented i n  Tab l e  4 - 5 . The d i f ­

feren t i a l  (non - acrocen t ri c )  chromosome count di stri bu t i on i s  s hown 

i n  Tab l e  4 . 6 .  

Based o n  the karyo type o f  the norma l  64 , XX mare , the 

average est imated rate of artifactua l  aneu p l o i dy was 25 . 6% ,  w ith a 

range of 8 . 3 3 %  ( Skin I - s s )  to 43 . 2% ( l eft r etina ) . The average per ­

c en tage o f  64 , XX c el l s  ( by di fferential c ount o f  2 8  non - ac roc en t r i c  

chromo s ome s ) was 9 . 24% , wi th a range of 0 ( smooth musc l e )  t o  4 6 . 1% 

� terus II ) .  However , i n  H - 5 2  a 6 4 , XX cel l could be a normal c e l l  

o r  i t  c ou l d  represent ei ther a 65 , XXX or a 6 5 , XXY c e l l that had l o s t  

e i ther a n  X- c hromo some o r  a n  acrocentri c chromo some respec tively . 

C e l l s  wi th c hromo some c ounts of 64/ 28 non - acrocentric i n  

exc e s s  o f  t h e  e s ti mated t i s su e  spec i f i c  rate o f  arti fac tual c hro mo ­

s ome los s w e r e  c onsi dered indicative o f  t h e  po s s i b l e  degree o f  a 

t rue 6 4 , XX c e l l  l in e . By that criteria ( Tab l e  4- ·7) Skin I - s , Skin 

I - s s , and U teru s II rai s ed the pos sibi l i ty of a t ru e  6 4 , XX c e l l 

l ine . E s t imates o f  the degree of po s s i b l e  mosai c / chimaeri sm for a 

64 , XX c e l l l in e  i n  these t i s sues were : Skin I - s , approximatel y  8% ; 

S kin I - s s , 10- 3 3 . 3% ;  and Uterus II , 2 0 . 5 - 26 . 9% .  

Ski n L- s • s  e s timated degree of 6 4 , XX mo saic / chimaeri sm was 

below both the t i s sue spec i f i c  and the average rate of es timated 

artifac tua l aneu p l oi dy ,  so an in - vi tro c l on e  effect might have been 

su s pec ted in that cul ture . S ince mo sai c / chimaeric compo s i tion s  c an 

vary from area to area o f  the same tissu e , the lack of sugges t ion of 

6 4 , XX mosa ic / chimaeri sm in Skin II and Uterus Ill c e l l cu l tu re s  cou l d  

no t b e  con s idered t o  r ef l ec t more than the c ompos i tion of the explants 

that grew in c u l tu re . 

There was no sugges tion o f  a 6 3 , XO cel l l ine . Ten o f  the 

c el l s  wi th a chromosome coun t  of 6 3 / 27 non- acrocen tr i c  which might 

have been 6 3 , XO c el l s  were c onsidered to be artifac t s , since they 

appeared in c u l tures at a rate wel l  below the estimated rate o f  

artifac tual aneupl oidy .  

Twenty- on e  c e l l s  evaluated ( 2 . 8% ) showed. hyperdip l oi d
1 

chnomo:so{Re . riumbers .  Three ( 0. 4% )  wer e  c l early parts o f  pol yp lo i d  

1
I n  reference to H - 5 2 ,  hyperdiploid i s  u s ed t o  denot e  c el l s  wi th 
more than 62 chromosomes . 
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Tab l e  4 - 5  

The distri bu t i ons o f  gro s s  chromo some counts in 
cu l tured ce l l s  other than l ymphocytes . 

DISTRIBUTION OF GROSS COUNTS 
TISSUES 

� 6 2  6 3  6 4  6 5  > 65* Polyploid** 

S k i n  I -s s  1 l 1 0  1 1  , 
., 

S k i n I - s  4 1 8 1 5  3 6 

S k i n I I  2 4 22  2 cl 

Peri toneum I 4 2 4 26  1 

Peri toneum I I  5 3 2 20  2 
Uterus I I  3 2 1 2  9 

Uterus I l l  3 2 1 28 1 

Ri g h t  co rnea 6 3 9 1 9  3 1 
L e ft cornea 6 2 7 23  4 6 

Ri g h t  reti na 7 5 1 0  1 2  3 
Left reti na 4 4 9 1 2  2 
Pa ra t hyro i d 

( u p pe r ) 6 7 9 34 1 5 
T hy ro i d  4 2 5 1 5  l 3 
Ki d n ey 1 2  1 7 30 2 8 
L eft o v a ry 8 3 3 28  
R i g h t  ovary 4 4 24 1 

Spl ee n  5 2 2 20  2 
B ro a d  l i gament 4 3 4 1 8  1 

I ntes ti n a l  
mesente ry 2 4 4 1 7 4 5 

Lung 2 l 2 2 6  l 

Smooth musc l e 
( d u odenum ) 4 7 

TOTAL 92 53 1 1 6  4 1 6 2 1  49  

( % }  ( 1 2 . 3 ) ( 7  . 1 )  { 1 5 . 5 } { 55 .  7 )  { 2 . 8 ) (6 . 6 )  

* See tex t .  
** Po l yp l o i d cel l s  were o n l y  reco rde d  when they 

co u l d be karyotyped . 

9 1  

TOTAL 
CELLS 

24 
37 
3 1  
37 

3 2  
2 6  

3 5  
4 1  

48 

37 
3 1  

6 2  

30  
6 1  

4 2  

3 3  
3 1 

30 

36 
32 

1 1  

747 
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Table 4 - 6  

The d i s tribut ions o f  differential chromosome counts 
in cul tured c e l l s  other than lymphocyte s . 

DISTRIBUTION OF DIFFERENTIAL . COUNTS . 

63 64 6 5  > 6 5  TOTAL 
TISSUES � 6 2 p* CELLS 

(28) (2 7) (29 ) (29 ) (28) (29 ) (28) ('*�) - - - - -- -- - - -- --
Ski n I - s s  1 1 1 0  1 0  1 24 

··s k i n I -s 4 8 1 0  5 3 6 37 
ski n I I  2 2 2 1 7  5 2 1 3 1  
Peri toneum I 4 2 3 1 23 3 37 
Peri toneum I I  5 1 2# - 1 1 20 2 32 
Uterus I I  3 1 1 1 2  7 2 26 
Uterus I I I  3 2 1 27 1 35 
Ri ght co rnea 6 1 1 1 6 3 1 9  3 1 41  
Left cornea 6 1 1 4 3 2 3  4 6 48 
Ri ght  reti na 7 1 4 4 6 1 2  3 37 
Left reti na 4 4 5 4 1 2  2** 3 1  
Parathyro i d  

( u pper ) 6 3 1 3 5 4 34 1 5 62  
Thyroi d  4 1 l #  - 3 2 1 5  1 3 30 
Ki dney 1 2  1 5 2 30 2 8 6 1  
Left ovary 8 1 2 2 28 42 
Ri gh t ovary 4 2 2 24 1 33 
Spl een 5 1 1 2 1 8  2 2 31  
Broad l i gament 4 1 2 1 3 1 8  1 30 
Intes t i nal  

mesentery 2 1 1 2 2 2 1 7  4 5 36 
Lung 2 1 1 1 25 1 1 32 
Smooth muscl e 
( duodenum ) 1 3 7 1 1  

TOTAL 92 1 9  1 3  2 1  47 69 396 20 21 49 747 
( % )  6 2 . 3) (2 . 5) (1 . 7) (2 . 8) � . 3) (9 . 2) (53 . 0)(2 . 7)  � - � (6 . 6) 

" B ro ken cel l s "  = 25 . 7% 

* P = po l ypl o i ds . Cel l s  were reco rded onl y when ka ryotypab 1 e .  
** See text . 

# 63 ,XX cel l s .  



Table  4- 7 

P ercentages of artifactual aneuploidy and cel l s  with 
64/ 28 non-acrocentric chromosome counts . 

CELL CULTURE 

Skin !- ss 
Skin . I- s 
Skin II 
Peri toneum I 
Peritoneum II 
Uterus II 

Uterus Ill 
Right cornea 
Left cornea 
Right retina 
Left retina 
Parathyroid 
Thyroid 
Kidney 
Left ovary 
Right ovary 
Spleen 
Broad l igament 
Intestinal mesentery 
Lung 
Smooth musc l e  

( duodenum ) 

Total 

TOTAL 
CELLS 

COUNTED 

24 
37 
3 1  
3 7  
3 2  
26 
35 
41 
48 
37 
31  
6 2  
30  
6 1  
42 
33 
3 1  
30 
3 6  
3 2  

1 1  

% 
ART! FACTUAL 
ANEUPLOIDY*** 

8 . 33 
13 . 5  
1 2 . 9 
18 . 9  
28 . 1  
19 . 2  
14 . 3  
3 6 . 6  
25 . 0  
43 . 2  
41 . 9  
29 . 0  
30 . 0  
29 . 5  
28 . 6  
1 8 . 2  
29 . 0  
26 . 7  
2 2 . 2 
1 2 . 5 

3 6 . 4  

25 . 6  

* Pos sible true 64,XX cel l l ine 
** Very high rate of tissue specific artifact 

% 
64� XX 
CELLS 

41 . 6* 
21 . 6* 
6 . 45 
2 . 7  
3 . 1 

46 . 1*' 
2 . 86 
7 . 3 1  
6 . 25 

1 6 .  zk* 
1 2 . 9** 
6 . 45 
6 . 67 
8 . 19 
4 . 76 
6 . 06 

0 
10 . 0  
5 . 55 
3 . 1 2 

0 

9 . 24 

*** Artifactual aneuploidy = percent of cel l s  evaluated 
with counts of � 6 2 ,  63 , and 64 (non-acrocentric 
27 and 29 ) .  
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cel l s  with chromosome counts of 74 , 77 and 78 . An additional three 
cel l s  ( 0 . 4% )  which had counts of 67 , 68 and 69 chromosomes were prob­
ably parts of po lyploid cel l s .  Three cel l s  ( 0 . 4% )  one each from 
skin 11 , intestina l masen�ery and right cornea cultures , had a 6 6  
( 30 non-acrocentric ) chromosome count . These were confirmed by 
chromosome morphology to be 66 ,XXXX cel ls .  Twelve cel l s  ( 1 . 6% ) ,  one 
each from skin 1 - s ,  skin 11 , left cornea , parathyroid and Lung cul ­
tures ; two each from right cornea and kidney cu ltures ; and three 
from intestinal mesentery cul tures ; showed � 66/ 29 non-acrocentri� 
ohromosome count . These metaphases were karyotyped and by convention 
the 3 7th acrocentric chromosome was designated a Y- chromosome , and 
thus they were considered to be 66 ,XXXY cell s .  

Po lyploid ce l l s  were only recorded when they could  be 
karyotyped . The two po lyploid cel l s  from Left Retina cul tures were 
8N and 6N . Both these cel l s  may have represented a specific factor 
in a particular culture . Octaploid cel l s  can (and do ) occur in- vi tro, 
through endoredup l ication and/or sequential fai lure of cytokinesi s .  
Cel l s  with six haploid chromosome sets can occur , most simply ,  
through an ' error ' of  divi sion in an octap loid cel l or fai lure of 
cytokinesis in  a trip loid cel l .  Al though both imply mitotic insta­
bi l i ty ,  the 6N cel l can suggest abnormal in-vivo anticedent cel l s  
( Stern , 1958 ) . Since no other suggestion of  possible triploidy was 
found in cul tured cel l s  from H-52 ,  thi s  cel l was thought to  be a 
resu l t  of an in-vi tro error of  segregation of an octaploid cel l .  

Figure 1V . l4 presents as an histogram the proportions  of 
64 ,XX cel l s  ( adjus ted for artifact ) ,  65 ,XXX and 65 ,XXY cel l s  found 
amongst cel l s  wi th chromosome counts of 64/ 28 non-acrocentric and 
65 , per tissue and over a l l  non- lymphocyte cu l tured cel ls evaluated . 
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TOTAL 
PROPORTICiiS 



4 . 3 . 1 . 3 .  Resu l t s  of s ex- chromatin studi e s  

S ex - chromatin was examined f rom sec tion s  o f  the c ervic a l  

( segments u pper , mi dd l e ,  lower ) ,  thor ac i c  ( segments upper , midd l e ,  

l ower ) ,  lumbar ( segment s  upper , l ower ) and sacral regions o f  the 

spina l  c or d , and the c er ebe l lum. Neurons with two and three s ex 

chromatin bodie s  provided d i rect evidence o f  cel l s  contai ning three 

and four X- chromo somes respec tive l y . Tab l e  4- 8 gives the numbers 

and d i s tr i bu ti on s  of sex- chromatin bodie s .  Tabl e 4- 9 repea t s  this 

i nformation a s  p ropo rtions o f  neurons examined . Neurons wi th one 

s ex- chromat in body supported the sugg e s ti on from cu l tured c e l l s  that 

H- 5 2  had had a t rue 6 4 , XX cel l l i ne . Compari son of the resu l t s  f rom 

H - 5 2  wi th tho s e  from a norma l 64 , XX mare ( B lue , 1 976 ) d i d  not i ndi ­

cate that H - 5 2 had ei ther a 63 , XO o r  6 4 , XY c e l l  l ine . 

Analys i s  o f  thi s data was performed u s ing a R x C tab l e  

f o r  a t t r i bu t e  d ata wi th more than o n e  d egree o f  f re edom ( Snedecor 

and C ochran , 1 9 73 ) .  

N o  s igni f icance was found wi thin segments o f  s ec tions f r om 

c e rvica l , thoracic and lumbar reg i ons ( P  � 0 . 1 79 ,  0 . 585 and 0 . 1 9 5  

) The Xl. respec t ively for number s  of sex - c hromatin bodi es pre s ent . 

f or the numbers of sex- chromatin bod i e s  present for combined r egions 

examined was s i gnificant ( P  > 0 . 03 07 , XL= 2 2 . 809 , d . f .  = 1 2 ) , wi th 

the lar ge s t  departure f rom independenc e contributed by the c e rebel lum 

with exc e s s  o f  one sex- chromatin body and cervical region wi th excess 

of c el l s  w i th no sex- chromatin bod i es .  

The f• derived from ana lysi s of the l ocation of the sex 

chromat i n  bod i e s  was highly s i gnif i c an t  ( P  > 0 . 005 , X'"""' 7 8 . 49 ,  d . f .  = 
3 6 ) ,  wi th the contri bu tion of c e l l s  o f  the c er ebel l um having one 

sex chro ma t i n  aody l ocat ed peripheral to the nuc l eo l u s  showing the 

large s t  share of independence and wi th thos e  in the nuc l eo p lasm the 

next l ar ge s t  share . Together the s e  accounted for 2 1 . 7% and 20% 

respectively of the value . I f  the cerebel lum was e l iminated from the 

c a l cu l a t i on ,  XL= 5 3 . 1 5 7 ,  i s  s ti l l  significant {P > 0 . 01 1 ,  d . f .  = 3 2 ) .  

Twenty- five percent o f  thi s value was contri bu ted by the sacral region 

w i th an exc e s s  of ce l l s  wi th o ne sex- chromatin body l ocated in the 

nuc leoplasm . 

The signi ficance o f  the d i s tribut ions o f  numbers and 

locations o f  sex- chromatin bodies may have r ef l ec ted d i f ferences in 

the mosa i c / chimaeric composi t i on o f  H- 5 2 1 s c entral nervou s On 
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T ab l e  4 - 8  

The numbers and d i s t ri bu t ion of s ex - c hroma t in bodies in n eu rons of H - 5 2 ' s c entral nervo u s  sys t em .  

NUMBER OF S EX 
REGION OF CHROMAT IN BODI ES 

NERVOU S  T I S S UE 
0 1 2 3 

Upper cerv i ca l  1 7  37 1 2  0 

Mi dd l e  cerv i ca l  23 27 20 0 

Lowe r cervi  ea 1 29  2 5  1 1  0 

TOTAL C E RV I CAL 69 89 43  0 

Upper Thorac i c 1 5  29  2 1  0 

Mi ddl e Thorac i c 1 3  36 1 5  

Lowe r Tho ra c i c 1 7  3 3  1 5  0 

TOTAL THORAC I C  45  98  51  1 

U p p e r  L umbar 30 53 1 7  0 

Lower L umbar 2 1  5 1  27  1 

TOTAL L UMBAR 5 1  1 04 44 l 

SAC RAL 58 1 05 38 0 

CEREBELLUM 2 1  64 1 4  1 

TOTAL 244 460 1 90 3 

( % )  {2 L2 ) ( 5 1 , 3 ) ( 2 1 . 2 )  ( 0 . 3 )  

P . N .  � peripheral t o  nuc leolus 
NUC , = in the nucleoplasm 

TOTAL 

CELLS PER 

REGION 

66 

70  

6 5  

20 1  

65  

65  

65  

1 95 

l OO 

l OO 

200 

201 

l OO 

897 

POS IT IONS OF S EX CHROMAT IN WITHIN THE NUCLEUS 

One body 

P . N .  NUC . 

33 4 

20  7 

1 7  8 

70  1 9  

24 5 

28 8 

24 9 

76  22  

42 1 1  

43 8 

85 1 9  

66 39  

64 0 

361 99  

( 55 .  3 ) ( 1 5 .  2 )  

1-P . N .  

1 

1 

3 

5 

3 

0 

2 

5 

2 

5 

7 

2 

20 

( 3 . 1 ) 

Two b odies Thre e b odies 

2 -P . N .  2 -NUC . 1-P . N .  2 -P . N .  

1 1  0 0 0 

1 8  1 0 0 

7 1 0 0 

36 2 0 0 

1 8  0 0 0 

1 4  0 0 1 

1 1  2 0 0 

44 2 0 

1 2  3 0 0 

1 8  4 0 

30 7 1 0 

3 1  5 0 0 

1 1  2 0 

1 51 1 8  2 1 

( 23 . 1 ) ( 2 . 8 ) ( 0 . 3 )  ( 0 . 2 )  
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Tab l e  4 - 9  

The proportions o f  cel l s  wi th sex- chromatin bodies and their distribution in H - 5 2 ' s  central nervous system . 

NUMBER OF SEX 
REGION OF CHROMATIN BODIES 

NERVOUS TISSUE 0 1 2 3 : 

Cervi cal  0 . 34 0 . 44 0 .  2 1  0 

Thorac i c  0 . 23 0 . 50 0 . 26 0 . 005 

Lumbar  0 . 26 0 . 52 0 . 22 0 . 005  

Sa cral 0 . 29 0 . 52  0 . 1 9  0 

Ce rebel l urn 0 . 2 1 0 . 64 0 . 1 4  0 . 01 

TOTAL 0 . 27 0 .  51  0 . 2 1 0 . 03 

P . N .  = peripheral to nuc leolus 
NUC . = in the nucleopl asm 

TOTAL 

CELLS PER 

REGION 

201 

1 95 

200 

201 

1 00 

897 

POS ITIONS OF SEX CHROMATIN WITHIN THE NUCLEUS 

One bod� Two bodies Three bodies 

P . N .  NUC . 1-P . N .  2-P . N .  2-NUC . 1-P . N .  2-P . N .  

0 . 53 0 . 1 4 0 . 04 0 . 2 7 0 . 02 0 0 

0 .  51  0 . 1 5  0 . 03 0 . 29 0 . 01 0 0 . 0 1  

0 . 57 0 . 1 3 0 . 05 0 . 20 0 . 05 0 . 0 1 0 

0 . 46 0 . 2 7 0 . 01 0 . 2 2 0 . 01 0 0 

0 . 8 1  0 0 . 01 0 . 1 4  0 . 03 0 .  01 0 

0 . 55 0 . 1 5 0 . 03 0 . 23 0 . 03 0 . 003 0 . 002 



the other hand , the significance might also  have arisen from 
regional di fferences in the ' behaviour ' of supernumerary X­

chromosomes . 
Overal l  proportions of ce l l s  containing eithe� �� or 

one and two sex-chromatin bodies were approximately 13 : 24 : 10 .  

4 . 3 . 2 . Reports of Examinations and Observations  

4 . 3 . 2 . 1 .  Physical examinations of reproduc tive organs 

During her s tay at Massey Universi ty , periodic 
examinations of H- 5 2 ' s reproduc tive trac t were made by Prof . 
D .  Fielden . Over that period there were no apparent changes 
in H- 5 2 ' s reproduc tive organs . 

There was minimal mammary gland  development . The 
cervix was normal , central ly placed and contracted . The uterus 
was of normal  size but had poor tone and seemed to be abnormal ly 
thin wal led .  An endometrial biopsy evaluated by Dr . M. Alley 
showed severe endometrial hypoplasia ( Figure IV . l5 ) .  

I t  was difficult t o  palpate the ovaries per rec tum. 
Both ovaries were very smal l  and were estimated to be 3 cm x 
1 . 5 cm x 1 cm in size . Both ovarie s  appeared to be inactive and 
on no occasion could fol l icular s tructures be fel t .  

On 1 2th June , 1979 , an expl oratory laparotomy was 
performed on H -52 . The uterus was exposed and examined . The 
ovaries could not be vi ewed from the l aparotomy ,  however they 
were pal pated whi le  the uterus was exposed . The laparotomy 
findings were in agreement wi th those made by rectal palpation . 

4 . 3 . 2 . 2 . H- 52 ' s general medi cal hi s tory at Massey University 

H -52  was donated to the Cytogeneti c s  Unit for research 
into her chromosome and reproductive s tatus . She arrived 1 s t  
March , 1979 . Her previous medical history was not avai lab le .  J .  
Francis , B . V . Sc . ,  was H - 5 2 ' s  general medical supervisor at · Massey 
University .  

On arrival H -5 2 ' s condition was general ly poor ,  al though 
dermatophi losis  lesions on the rear sock were the only specific 
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Figure IV . 15  A section of uter ine tissue from H - 5 2  

showing endometrial hypop lasia (X 690 ) . 
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f .  d .  2 1.n 1.ngs • These l esions were successful ly treated . Subsequently , 
extensive dermatophilosis  broke out on her f lanks and back,  which 
was also successfu l ly treated . Late in July , 1 9 79 , H- 5 2  developed 
l ocal i zed sweat patches an·d areas of "i tch11 ( etiology unknown ) in  
regions that had been unaffected by the earl ier dermatophi losi s .  This 
condition arose sporadically over a period of about five weeks , and 
whi le the mare was treated to re lieve irritation, the condi tion appeared 
to disappear spontaneous ly . 

The mare was drenched for internal parasi tes one month aft er 
her arrival . 

When H- 5 2  was destroyed , 1 8  September , 1 9 79 , although she 
had gained weight , her general condi tion remained poor .  

4 . 3 . 2 . 3 . Serum hormone analysis 

Two serum hormone analysi s trials were performed by 
Prof .  C . H . G .  Irvine , Veterinary Science Department , Lincoln Co l l ege , 
Christchurch. (Reference Evans and Irvine , 1 9 7 5 , 1979.) 

The first analysi s ,  for levels of luteinising hormone ( LH )  
and fo l lic le  stimu lating hormone ( FSH ) ,  was performed on serum from 
two blood samples taken four hours apart , at a two month interval 
during the normal anoestrous period . The second analysis was on a 
series of samples taken at  the beginning of the normal  breeding 
period . This test  invol·ved injection of lmg GnRH ( gonadotrophin 
releasing hormone ) ( P . I . M. 1 80 ,  AY- 24 ,  03 1 in j ec table ,  Ayerst  Labora­
tories ) .  Table 4- 1 0  gives the results of these tests . 

According to Prof . Irvine , the resu l t s  of the LH hormone 
assays were consistent  wi th those obtained from mares in dioestrus or  
anoestrus . Since the samples were obtained during ei ther the normal  
dioestrous or anoestrous period , these resu l ts could be considered 
normal . One FSH l evel was higher than is usual ly found at the t ime 
of the year when sampling occurred . However , the rest were probably 
normal , and the mare can show great variabi l i ty in FSH level s during 
the transitional phase between seasons . The response to exogenous 
GnRH , was probably a true response reflecting either a dioestrous or 

�- 52 ' s j ourney to Palmerston North was delayed by Indus trial Act ion . 
The personnel of Majestic Horse Floats ,  Inc . , are to be cornmended for 
the relatively good condition in which she arrived under the circum­
s tances . 
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ano e s t rous cond i t ion and the r efor e  d i s turbed func t i o n  of the 

hypothalamu s - p i tu i tary axi s was not sugg e s ted ( C . H . G .  Irvin e , 

p e r s . comm . ) . 

T ab l e  4 - 1 0  

Resu l t s  of s erum hormone anal y s i s '  I and II 

DATE TH'lE LH FSH 
of s amp l e  o f  samp l e  ( ng /m l ) ( ng / ml ) 

3 1 . 5 .  79 1 100 hour s  6 . 0  26 . 4  

3 1 . 5 . 79 1 600 hour s  3 . 0 60 . 4  

27 . 7 . 79 1 1 00 hou r s  3 . 0 2 7 . 4  

27 . 7 . 79 1 600 hou r s  1 0 . 0  

1 7 . 9 . 79 1 405 hou r s* 4 . 0  

1 7 . 9 . 79 1 43 5  hou r s  1 4 . 0  

1 7 . 9 . 79 1 505 hour s  1 9 . 0  

1 7 . 9 . 79 1 607 hou r s  1 1 . 5  

* immed i a t e l y  p r i o r  t o  GnRH i n j ec tion 

H - 5 2  was d e s t royed on 1 8  S ep t emb e r , 1 9 79 . She was made 

uncons c ious by an in j ec ti on o f  barb i tura t e s  and the j ugul ar ve in was 

s evered . The au top sy was c on duc t ed by Dr . A .  John s tone , Department 

o f  P atho l o gy . D e t ai l s  o f  the c an b e  

foun d  i n  Appendix III B .  

The mare '"as i n  poor cond i t io n . t o  Dr . John s t one 

there were s ever a l  thing s wrong wi th the mare ,  hmmver none o f  these 

i n d i v i dua l ly was important enough t o  resu l t  i n  the c ondi tion s ee n . The 

or i o f  patho logi c a l  c hanges f o und i n  the o rgans and t i s sues re­

l at e d  to chron i c  paras i ti c  d amag e . However ,  both the l evel o f  para­

s i t i sm and the change s  foun d  �;1ere no \·m r s e  than tho s e  that are f ound 

i n  mar e s , o f  the s ame breed and age , >Jho uere i n  

t ime o f  t he i r  deaths ( A .  John s tone , per s . comm . ) .  

condi t ion a t  t he 
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Bo th g ro s s ly and hi s to l og i ca l ly ,  the uterin e  horn s , cervix 

and vagi na appeared to b e  n o r ma l .  The Fa l lo pian tubes vlere paten t .  

The u t e ru s  measured 1 6  c m  f r om horn to horn and 1 2  cm from the i n te rna l 

o s  to the externa l vu l va . Thi s  uas somev1hat sma l l ,  but was nei ther an 

unu sua l nor an abnorma l s i ze f o r  a mare \vhich never had had a f oa l  and 

was nei the r  p regnant no r i n  o e s tru s  at the time of death .  W i th the 

e xc e pt ion of mi l d  chro n i c  f o c a l  endomet ri t i s , wi th a s s oc ia t ed g landu l a r  

a t ro phy , the t i s sues o f  the u te rine body we re e s sen t ia l ly norma l .  I n 

v i ew o f  the ins p i s s ated c on t en t s  o f  the gl ands of t he uteru s , the 

hi s to l og i c a l  change s tha t wer e  s een were thought ( ac c o rding to Kenney ' s  

1 9 78 wo rk ) mo re l i ke l y  t o  r e p r e sen t  e i the r ano e s t ra l  o r  degenera t i v e  

a t ro phy rather than congeni t a l  hypo p l a s i a  ( A .  John s tone , pe r s . c o mm .  ) .  

Pho tog raphs of H - 5 2 ' s t a l  organ s are p r e s ented i n  

Figure s IV . l 6 ,  IV . l 7 and IV . l 8 .  

The l ef t  ovary IV . l 9 ) mea sured 4 x 2 x 2 . 5  c m .  I t  

c on tained a round area o f  o range l u t e a l  ti s sue , wi th a cen t r a l  b r o\vn 

a r e a , 2 mm i n  d i ameter . One o r  two b rown haemor rhagi c  areas \ve r e  

p r e s ent . Hi s t o l og i ca l ly the re was no evidence o f  f o l l i c l es . Hmvever , 

there was an area o f  l oc a l  haemo rrhag e , b e tween 1 4  days and s ever a l  

months o l d  ( co r r e s ponding to t he brown haemo rrhag i c  a r ea s  s een mac r o­

s co p i c a l ly ) ,  which vlas bo th P e a r l ' s  I ro n  and Sudan B l ac k  po s i t iv e  

( Figure IV . 20 ) .  These pos i t iv e  s ta i n  reac tions suppor t ed the be l i e£ 

that thi s  wa s a corpus a l bi c an s . 

The r ight ovary ( Fi gu r e  IV . 2 1 )  measured 3 . 5  x 2 . 5  x 1 . 5  c m . 

A paraovarian c y s t  was a d j ac e n t  to i t  in the mesovar ium.  Brown 

haemo r rhag i c  spo t s  were v i s i b l e  mac r o s c o pi c a l l y .  H i s to l ogi ca l ly thes e  

were areas o f  scarri ng wi th a c entra l ly large area o f  haemo s i d e r i n  and 

s ome c e l l s  f i l l ed wi th l i ght b rown granul a r  mat e ri a l that were both 

P ear l ' s  Iron and Sudan B l ac k  po s i t iv e  ( IV . 2 2 )  and thus i nd i c a te d  

t ha t  were There was no evid ence of fo l l i c l es 

and o n ly s t ro ma l  t i s sue w a s  

The t i s sue l ay e r s  were norma l z ed . In bo th ova r i e s  

the re were i so l a ted Sudan B l ac k  t ive c e l l s , indi tha t  there 

was some ovar i an func t i o n . The indi c ated an a r ea o f  o l d  

and the s c ar r i ng found p r obab l y  the z ed 

a re a  i n  the midd l e  of the c o rpus whi l e  the 

o f  Sudan B l a c k  p o s i tive c e l l s  s ugg e s t ed probab l e  l u t ea l  c e l l s .  There-

f or e ,  a l though no fo l l i c l e s  were seen i n  the hi s to 

the mar e  p robabl y  had ovu l ated ( mo r e  than onc e ) wi 

s everal months ( A .  Johns tone , p e r s . comm . ) .  

s e c t i o n s , 

the l a s t  
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Figure IV . 22 Drawing s  of Pear l ' s  Iron and Sudan B l ack posi tive 

areas of right ovary sec t i o ns ( X2 ) ,  and two pho to ­

gr aphs of a region of one o f  these areas ( X  1 60 and 

X 1 , 400 )  in eo sin-haematoxy l in stained sec t ions . 

These were bel i eved to be areas of corpus albi cans 

�· fibro sum . 
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4 . 3 . 4 . Observations on H - 5 2 ' s Behaviour 

H - 5 2  general ly moved in a s luggish manner , wi th her head 
down and dragging her feet . She was never observed to run , a l though 
on occasion she did prance or could  be encouraged to walk  quickly . 
Fo l lowing testing by Dr . H .  Pearce ,  i t  was suggested that H - 5 2  might 
be showing a mi ld ataxia . She was no t sure footed , however , thi s 
may have been due at least in  part to the poor co ndi tion of her 
hoofs . H- 5 2  tended to bump into obj ects  or step on them. She seldom 
reared , though on more than one occasion when she did ,  she los t her 
balance and fe l l . 

When not grazing or \vhen boxed , H - 5 2  would almost  invariably 
stand with her right side against the fence or wal l .  Pawing mot ions 
were usual ly made wi th the left forefoot .  She kicked most often 
wi th the lef t rear foot , in  a lateral di rection ( even when the right 
would have been more convenient and effec t ive ) . 

She tended to bo l t  her feed and she was noted to s l obber 
and dribble food whi le chewing . In the f i elds and paddock H- 5 2  
wou ld graze the area wi thin reach of her mouth before moving , and 
then it was rare for her to move more than ten centimeter s .  In 
the paddock H - 5 2  did not have regular si tes for defaecation . 

H- 5 2  often displayed " play" behavior as defined by Wari ng 
( 1 975 ) .  She also  tended to bite people and obj ects , and went through 
epi sodes of • cr ib biting ' her paddock fence .  

Despite her physical condit ion ,  H - 52  a ways appeared to be 
alert and persons having direct contact wi th her considered her to 
be a cunning mare . H - 5 2  appeared to ident ify certain obj ec ts such 
as the Massey tractor , vacutainers and a particular plastic squeeze 
bott le .  Her recogn ition of the author seemed to be independent of  
any particular garment that was >vorn . According to  Dr . R .  Holmes , 
H - 5 2  was hypersensitive to some stimu l i  ( or had a low thresho ld for 
s timulation ) and was hyper- reactive to others . 
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4 . 4 . Discussion 

4 . 4 . 1 .  Cytogenetic Aspects of H- 5 2 ' s  Mixoploidy 

From the wide variety of t i s sues examined , including the 
s ex- chromatin studies , it was concluded that H- 5 2  was a 65 ,XXX/ 
6 5 , XXY/ 64 ,XX/66 ,XXXY/66 ,XXXX mixop loid .  There are several ways the 
mi xoploid ce l l  lines found in H- 5 2  might have originated . It i s  
axiomatic that the most probable way i s  the one requiring the fewest  
s teps o r  errors , each of  which has the highest probabi l ity of 
o c curing .  Extrapo lation from an estimate o f  the chromosome consti­
tu tion of a mature animal to its zygotic or embryonic chromosome 
const i tution i s  fraught with assumptions . Foremost of these 
a ssumptions are :  that the condition of the mature animal ,  as 
sampled ,  ref lects  that of the animal ; and that the condition of the 
mature animal ref lects that of the zygote or embryo . 

4 . 4 . 1 . 1 . The chromosome constitu tion of H - 5 2  

It  was not possible t o  locate i n  the l iterature either 
s imi lar or comparable mixoploids where the behavior of supernumer ­
ary X- chromosomes in neurons had been studied. Therefore , sex 
chromatin studies on H- 5 2  were considered only supportive and 
confirmatory of her chromosome constitution as ascertained using 
cu l tured cel l s .  

Overal l ,  2 1% of the neurons examined from H- 5 2  had two 
sex- chromatin bodies , The presenc e of  two sex- chromatin bodies 
i ndicates two inactive X- chromosomes and therefore was direct 
evidence of cel l s  wi th three X- chromosomes ( either XXX or XXXY ) .  
Three sex- chromatin bodies were present in  0 . 3% of the neurons 
examined , confi rming the presence of cel l s  containing four 
X- chromosomes . 

H - 5 2  showed an overal l  incidence of 7 2 . 8% of neurons with one 
or more sex- chromatin bodies . Thi s  compared with an overal l  inc i ­
dence o f  70% o f  neurons with one sex- chromatin body in a normal 
64 ,XX mare when the same technique was used (B lue , 1 976 ; Blue et a l . , 

1 9 78 ) .  There was no suggestion, therefore , that H- 5 2  was mosaic /chi­
maeric  for either a 63 ,XO or 64 ,XY l ine in  her neuronal cel l s .  There 
had been no suggestion of either of these l ines in chromosome prep­
arations from H- 5 2 ' s  cul tured cel l s .  
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Fifty-one point three percent of neuronal cel ls evaluated 
for sex- chromat in from H- 52  had one Barr body , 40 . 2% of which were 
adj acent to the nuc leolus . The presenc e of one B arr body indicates 
the presenc e of one inactive X- chromosome , but does not differentiate 
between XX and XXY cel l s .  

Withou t con tro l sex chromat in studies of neurons from 
mixoploids simi lar to  H - 5 2 ,  the relationship between the results  
from the sex- chromatin investigations and the mosaic/chimaerism 
actual ly present in her nervous tissue could not be determined . 
Four points , however , suggested that either the mixoploid combinat ion 
as evidenced by cu l tured ce l l s  was great ly different from that of 
nervous tissue as evidenced by the sex- chromatin studies , or that as 
a gauge of mosaic/chimaerism of H- 52 1 s  type , neuronal sex- chromatin 
investigations are insufficiently refined . These points were : ( 1 )  
the scarcity of XX cel l s  and their possible limitation to epidermal 
and/or dermal and lymphatic t i ssues ( with the exception of one uterus 
culture where there was a strong possibil i ty of culture effec t ) ; ( 2 )  
the relatively few 65 ,XXY cultured cel l s  and their wider intra- t i s sue 
distribution than 64 , XX cel l s ;  ( 3 )  the scattered occurrence of . the 
twelve 66 ,XXXY cel l s ;  and ( 4 )  the three 6 6 ,XXXX cultured cel l s ,  an 
incidence in adjus ted non- lymphocyte cu ltured cel l s  of 0 . 33% ,  against 
an incidence of 0 . 4% of neurons containing three B arr bodies . 

Therefore , i t  i s  assumed ( for the remainder of section 4 . 4 . 1 )  
that the resu lts from cultured cel ls provided an accurate estimate 
of H- 52 1 s  mosaic/chimaeric composition . That i s ,  that the XXX l in e  
was overt ly predominant t o  a l l  other s ,  that the other cell  types 
occurre� in � �  in approximately the same relat ive proportions as 
wer e found in in-vitro cultured cel ls , and that she had neither a 
64 ,XY nor 63 ,XO cel l l ine . 

4 . 4 . 1 . 2 . The possible zygote/embryonic chromosome constitution of H- 5 2  

The presence of ce l l s  containing a Y- chromosome in  t i ssues 
not of the reticulo- endothe l ia l  system exc luded the possibi l ity of  
their post- zygoti c  addition to  the embryo . Therefore , the Y- chromo -
some must have been contributed at the concept ion of the H - 5 2  zygote 
( if mosaic ) or zygotes ( i f  chirnaeric ) .  Although H -52 1 s  dam was not 
avai lable for cytogenetic analysi s ,  her reproductive record was 
normal . So , unt i l  evidence i s  available on the existence and 
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functional abi l i ty of "Y" containing oocytes in mares ,  i t  must  be 
as sumed H - 5 2  received her Y- chromosome from her sire3 • 

According to the theory that there i s  a prol iferative 
advantage inversely proportional to the amount of heterochromatic 
sex chromosome materia l present  ( Bar low ,  197 2 ,  1973 ; Mi � �wuch and 
Delhanty , 197 2 ) , the predominance of 6S , XXX cel l s  and scarcity of 
6S , XXY and 64 ,XX ce l l s  in H- 5 2  impl ied that at ( at least )  the time 
of X- inactivation the XXX blastomeres great ly outnumbered either 
XXY or  XX ones .  The asynchronous c leavage that occurs in Eguidae 
( McLaren , 1974 ) i s  believed by embryo logi s t s  to be det.:: ; . . . ;. ed solely 
by the amount and location of the yolk in the ovum. If thi s was so , 
any quantitative differences in the types of blastomeres that formed 
H- 5 2 ' s embryonic mass  would not have been due to properties intrinsic 
to their chromosome consti tutions . For random segregation to have 
re su lted in an embryonic mass containing a predominance of XXX 
blastomeres ,  suggested that the pre- blastocyst H- 52 was mainly of 
tr i p le -X  chromosome constitution re lat ive to the XXY or XX component� 

Poss ible support for the supposition that the chromosome 
configuration of the majori ty of H- 5 2 ' s  blastomeres was triple -X  
came from estimated primordial ( precursor ) cel l poo l sizes . Pri­
mo rdial cel l poo l si zes estimated by analysis of XXX , XXY and XX 
variation in the mosaic /chimaeric composit ion of H- 5 2 ' s  cul tured 
ce l l s suggested that the 6S ,XXX l ine arose f irst fo l lowed by the 
64 ,XX and 65 ,XXY cel l l ines ( see Appendix IIIC ) .  

3 

There are two pos sible ways that both the XXX l ine could  
have been predominant and the XXY l ine could have ari sen later than 
the XXX l ine : ( 1 )  The XXX l ine arose at the 1 st  or 2nd c leavage 
divi sion, and the XXY l ine at a later one , in  a conceptus whose 
chromosome configuration was different from either (Mosaic manner ) ;  
and ( 2 ) The XXX and XXY blastomeres were  from two conceptual events ,  
at different stages of blastogenesi s ,  that fused ( Chimaeric manner ) .  

Even i f  Sharp et a l . ' s  ( 1980 ) XY mare ,  who was reported to have 
foa led a normal 64 ,XX fi l ly ,  proved to be an example of functional 
XY oocytes in a mare , proof would sti l l  be required that random 
meiotic  segregation could occur in such ova . 
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The Chimaeric  manner of formation was the least probab le .  

Both non-disjunction at meiosis  I o f  a normal XX ovum \vith dispermic 
d ouble  ferti l ization of the egg nucleus and a polar body ( on the 
order of Zuel zer et al . ,  19.64 ) and fusion of two separate conceptu ses 
at different c leavage stages , could  provide possible explainations 
f or the predominance of the XXX l ine and the presence of the XXY cel l 
l ine.  However , there i s  an extremely low probabi lity that two sepa­
rate abnormal conceptuses would both form and fuse. Although it i s  
within the realm of probabi l i ty that an XX and an XY conceptus c ould  
fuse ,  the series of mitotic  errors necessary to acc ount for al l the 
ce l l lines present in H- 5 2  (and pos sibly the absenc e of XO and XY 
c el l lines ) from a XX/XY chimaera make thi s origin improbable .  On 
the other hand , in the absenc e of genetic proof that H-52  was a 
chimaera , dispermic double ferti lizat ion giving rise to a XXX/XXY 
chimaera, with subsequent mal - segregation and loss of an XY cel l 
l ine , must remain a possibi l ity . 

The most probabl e  manner of the formation of H- 52 ' s  mixoploidy 
was mosaic . Thi s was al so the most simple mechani sm to account for a l l  
the l ines present in  H- 5 2 ,  as i s  presented in Figure IV . 23 . That i s ,  
formation of a 66 ,XXXY zygote , with first c leavage loss of a .  Y­
chromosome result ing in XXX/XXXY mosaicism and subsequent development 
of  XXY , XX and XXXX l ine s .  

Had the events giving rise t o  H- 5 2 ' s  mosaic /chimaerism 
i nc luded the presenc e or formation of 64 ,XY and possibly 63 ,XO blast­
omeres (which are known to  be highly viab le  in the non-mosaic mare ) ,  
o ne could expect some evidence of cel l  l ines derived from these in 
the adul t .  It  was possibl e  that 64 ,XY and/or 63 ,XO blastomeres were 
formed and either segregated exc lusively to extra- embryonic membranes 
o r  cells  derived from them were limited to tissue primordia not 
sampled during cytogenetic  investigation of the adult .  It was a l so 
conceivable that . 64 ,XY and 63 , XO blastomeres could have been inviable  
a s  primordial cel l s .  H - 5 2 ' s  estimated primordial cel l  poo l sizes 
suggested that her mixoploidy arose long before X- inactivation , as 
i s  thought to be the case in human sex chromosome mosaics (Nesbi tt 
and Gart ler , 1 9 7 1 ; Gart ler and Andina , 1 976 ) .  However , even if a 
mechani sm such as preferential  X- inactivation ( e . g .  Monk , 1978 ) was 
i nvo lved in the loss of ffunctional ly YO or nul l - O )  XY or XO cel l s ,  
there would have had to have been inexplicably few XY or XG blasto-
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meres . Thus , these alternatives also implied that relatively few XO 
or XY blastomeres could  have existed , and if  they did they were formed 
re latively late during b lastogenesi s .  

On the other hand , perhaps in a complex miKop.loi .d. _such . a s  
H- 5 2 ,  on ly those ce l l s  in  differentiat ion phase ( including compatib le  
cel l cyc l es ) which compri se a critical  maj ority of  cel l s ,  can partici ­
pate in crucial  stage s  of tissue specific development . Assuming the 
survival and pro l iferative advantage of 64 ,XX cel l s ,  their scarci ty 
in  H- 5 2  would  be in agreement with such a hypothesi s .  

4 . 4 . 1 . 3 . Possible predisposing factors to H- 5 2 ' s  mixoploidy 

No suggestion of  factors which might have predisposed to the 
formation of H- 5 2 ' s mixoploidy was evident in her history .  Maternal 
age effect has been suggested as involved in the etiology of a maj or­
i ty of individual s with mu lt iple X- chromosomes ( e . g . , Hamerton , 1 97 1 , 
Emery , 1 977 ) and an hered i tary tende.ncy to non-disjunction was 
impl icated in one catt l e  triplo-X and related XXY bu l l  ( Reick et a l . ,  
1 9 70 ) . 

At conception H - 5 2 ' s  sire and dam, aged nine and seven 
respectively , were in thei r  reproductive prime . As far as could be 
ascertained , the s ire ' s  reproductive record was good . The dam ' s  
hi story was norma l .  H - 5 2  had two o lder fu l l  brothers and was the 
dam ' s thi rd consecut ive foa l .  The year fo l lowing H- 5 2 ' s  birth the 
dam did not become pregnan t ,  but in the next two years she produced 
( to another sire ) two foal s ,  a colt and one of unrecorded sex whi ch 
died as a foal . 

H - 5 2 ' s  coeffi cient of inbreeding, calculated on a pedigree 
of over four generations , was low for a comparably wel l  bred 
Thoroughbred . Whi l e  she was distant ly related to some animals  which 
figure in pedigrees of  other chromosomally abnormal anima l s  that 
have been investigated , there was no evidence of an hereditary 
tendency for non-di sj unction in her fami ly . 

4 .  4 .  2 .  Physica l  and Behavioural Aspect s  o f  H - 5 2  

The so l e  triple-X mare in  the l i terature was a five year o l d  
Thoroughbred reported by Chand ley et a l .  ( 1975b ) . Thi s animal dis� 
p layed irregu lar oestrus  and produced , on one o.ccasion ,  a single  
fol l icle . Her uterus was sma l l  and immature with an hypoplast ic 
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endometrium . Her ovaries  were sma l l , less  than 2 cm in diameter , and 

a bi opsy of one showed only s tromal t i ssu e .  

Two triple-X cat t l e  have been reported . One , a Norwegian Red 

Cat t l e  Breed heifer , as sumed to be infert i l e ,  was reported by Norberge 

et a l . ( 197 6 ) . She was some\vhat sma l l er than normal s i ze with atro p hi c ,  

underdeveloped endometri um ,  and sma l l  underdeveloped· ovaries.  At 1 3  

month s o f  age this animal showed one heat and a t  s laughter , f ive months 

l ater , a per sistent corpus luteum was found on the r ight ovary together ­

w i t h  one secondary fol l ic l e .  No fol l i c l e s  or s tructures were found 

on the l eft ovary . The s econd tri p l e- X  was a F leckv i e  heifer , stud i ed 

by Reick et al . ( 1970,  1 9 74 ) .  Thi s  heifer was of normal s i ze with 

kypho s i s ,  a hereditary congen i ta l  defect . She was maternal aunt to 

an  XXY bu l l  calf and dam to a norma l 60 , XY cal f .  In both bovine 

c ases mul ti p l e  leucocyte cul tures and cu l tured skin cel ls  were ex­

amined to l imi t the probabi l i ty of mo sai c i sm .  

In women , no consi stent phenotype i s  eviden t  i n  the , s o  ca l l e� 

T r i p l o - X  syndrome . The maj o r i ty o f  47 , XXX women are thought to be 

f ert i l e ,  though some may be at high r i sk of conceptual loss and the 

ovari e s  of some have shown precocious f o l l icu lar depl etion (Johnson 

et a l . ,  1961 ; Barr et al . ,  1 9 69 ; Tennes et  a l . , 1975 ; Dewhur st , 1978 ) .  

Three often reported features in tri p l e-X  women are :  somewhat bel ow 

norma l  motor coordination ; a genera l  s lowing of al l func�ions ; and a 

r i sk o f  sub- normal intel l igence and /or moderate to s evere psycho log� 

i ca l  prob l ems (Johnson e t  al . ,  19 6 1 ; Barr et a l . ,  1 9 69 ; Tennes et a l . ,  

1 9 75 ) .  

In compari son phy s i ca l ly H- 5 2  was of normal s i ze and conform­

a tion for a Thoroughbred mar e .  Apart from an absenc e o f  fol l i cles  

and endometrial hypoplas i a ,  no sign i f icant phy s i ca l  anomal ies were 

d i scovered i n  H- 5 2 .  Her ovari e s  appeared to be inac� ive , though she 

was r eported to have cyc l ed once and a fo l li c l e  was s aid to have been 

pal pated . Post-mortem investiga tions confi rmed that some fo l l i c -

u lar act ivi ty existed and a pre sumptive lutein i zed fo l li c l e  ( Figure 

IV . l 9 b ) was observed at autop sy ,  whi ch unfortunat e ly eluded i so lation 

for hi stological  inspec tion . H - 5 2  had extreme endomet r ial hypoplasia 

and a somewhat _sma l l ,  immatu re , uterus . 

Whi l e  H - 5 2  disp l ayed s ome ovarian function,  her extreme 

endomet rial hypoplasia did  no t suggest that she had the abi l i ty to  

c arry a foa l ( Kenney , 1978 ) .  In compar i son to Barone 0979 ) and to 

an anoestrou s  mare with a somewhat sma l l  but essential ly norma l  
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uterus ( H - 27 ,  Chapter VI ) ,  H - 5 2 ' s  uterus wou ld seem to have been 

di s ti nguished by a signi f i cant decrease in the tran sverse furrows 

whi ch normal ly ari se at the end of the first  year . One might spec ­

u late as to whether a loca l i zed deve lopmental arrest , pe rhaps related 

to  hormone imbal anc e ,  occurred about that t ime . It  was interesting 

that ovari an i nvolution , whi ch occurs during the same period and may 

be in  part under the inf luence of some of the same hormones , did 

occur norma l ly in H - 5 2 .  

An increased l evel  o f  FSH ( fo l li c l e  stimulat i ng hormone )  and 

LH ( luteni .. z.ing hormone ) are a s so ciated with both immature and aged 

ovar i e s , as wel l  as wi th the XO cond i tion in mares (Evans and Irvine , 

1979 ) .  However , t here was no evi dence from the hormone assays ei ther 

for or again s t  abnorma l l evel s  of FSH and LH being invo lved in H- 5 2 ' s 

infer ti l i ty .  There was the suggestion,  however , that the hypothalmu s ­

pi tui tary - ovarian hormone i nterac t ion might have functioned within 

norma l l imi t s . Mosai c ,  or presumptive mosaic , women who have 

funct ioning ovaries  are general ly charac terized by irregular mens t rual 

cyc l e s .  H - 5 2 ' s  hi story d i d  not suggest that she displayed normal 

oestrus . 

Human beings  are the only species where non -morphological 

aspect s  of individual s wi th chromosome anomalies have been studied 

extensively . Problems occur when attempt ing to relate observation s 

about H- 5 2  wi th r eport s of tri p l e - X  women . Most obj ective defin i t ions 

of an abnormal i ty in human s require either neuro- physio l ogical know­

l edge not yet avai l ab l e  for the horse or inte l l ectual and manipu lative 

ski l l s  that are biological ly i mpo s s i b l e  for non-hum�� s . However , i t  
was r houaht tha t  compar i sons shou l d  be att empted , sin c e  i t  was . bel ieved 

that any suggestion of a s i mi l ar basi c  manifestation of an abnorma l 

karyotyp e , whether t he man i f e stati on i t se l f  was ' norma l ' or ' abnor ma l ' 

for a par t i cular spec i es , coul d  -be important in  eventua l ly  trac ing 

the mechani sm of the dysfunct i on .  

I n  the absence of obj e c tive evidence ,  or any sub j ective 

suggestions to the contrary , i t  was thought that H- 5 2 ' s  s ight , hearing 

and o lfactory senses were norma l . H- 5 2  appeared to be an alert 

anima l of , at l east , norma l intel l igence . Al though triple -X women 

have been sugges ted to be at high ri sk of being of subnormal inte l l i ­

gence o r  mental ly retarded , these features are not thought to be 

character i st i c  of the XXX condi tion in  human s (Tennes et  a l . , 1975 ) .  
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H- 5 2  seemed to  exhibit s l ight motor ataxia ,  and in general 

her manner of movement ( i . e . , s l owness , c lumbsiness ) were said to be 

unusua l for a Thoroughbred mare . No medical  reason s cou l d  be found 

for thi s aside from her genera l poor condit ion and the probable  par­

t ial  contribu t ion of the poor cond i tion of her hoofs .  On the other 

hand , neither whi l e  she was under regul ar medica l  examinati on and 

superv i s i on nor· at autops� was an explana tion found for either the 

l ack o f  improvement in her condition whi l e  at Massey Univers ity or 

suff i c i ent r eason s for her poor cond i t ion .  In this r egard Tennes 

et a l . ' s  ( 19 7 5 )  report of poor gros s  moto r  coordinati on and mus c l e  

t one i n  XX X  infant and toddler g i r l s  might have been r e l ev�nt , 

par t i cu l ar ly since their criter i a  o f  diagno s i s  c lose ly approached 

that used by those apprai sing H - 5 2 ' s  movement s .  

H - 5 2  was observed to display the pos s i b ly atypical , but not 

necessar i ly abnorma l ,  equine be haviours of not having specifi c. sites  

in her paddock for  defaecation and o f  exhibit ing relatively immobi l e  

grazing patt erns . Her playfu lness and perhaps her method of eat ing , 

a l though po ss ibly not abnormal in mature horses nor spec ifica l ly 

' foal behaviour ' , was interest ing in view of the occas ional r eport s  

o f  ' immature ' behaviour i n  triple-X g i r l s  and women ( e . g . , Barr e t  a l ., 

1969 ; Tennes et a l . ,  1975 ;  Rat c l iffe ,  1976 ) . 

I t  was unfortunate that neuro - psychiat r i c  equ ivalencies did 

not exi s t  between human and horse ,  The subj ect ive reac tion s  of per sons 

who deal t  with H- 5 2  suggested that she possessed unusual responses 

and behaviour for a mare . Specif ical ly , H- 5 2 ' s  apparent hypersensi­

t i vity and hy per- reac tiveness ( as wel l  as perhaps a neurol ogical 

component of ataxia ) cou ld have been observabl e  manife s tations of the 

atypic a l  neuro logic  devel opment and/or  func t ion which Polani ( 1967 ) 

proposed was concomi tant to cyt ogenet i c  abnormal it ie s  in humans . 

H - 5 2  was not a s imple  t r i p l e - X  individua l . It  was t hought , 

because of the predominance of the XXX l ine and H - 5 2 ' s  normal femal e  

anatomy , any inf luence by the minor l ines had probably been l imited 

either to  ear ly embryogenesis or d i screte  cel l u l ar reg ions.  No sug­

gestion of mas cu li ni ty was observed in H- 5 2 ,  except a tendency to 

bite  whi ch i s  more common in co l t s  and sta l l ions than in mares . I t  

was not pos s ib l e  t o  l ocate a report of an XXX/XXY/XX/XXXY/XXXX mixo­

p loid of  any species for comparative purposes . The on ly r eports that 

were avai l ab l e  on XXY mosaic/ chimae r i c  females , wi th no signs of 

intersexual ity , are presented in thi s Thesi s ( Chapter V ) .  Therefore,  
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the que stion of what direc t  effec ts  H - 5 2 ' s o ther lines may have had 

on her ferti l i ty cou ld not be answered . 

4 . 4 . 3 .  Summary 

I t  was considered mo s t  probabl e  that H-52  \vas primari ly a.TI 

XXX mare  with XXY /XX/XXXY/XXXX mosai c mixoploidy ,  vlhich arose from a 

6 6 , XXXY conceptu s .  If there was any inf l uence from her Y- chromo some 

bearing c e l l s , i t  was thought tha t  i t  \.,ras l imited to  indirec t l y  

mediating responses ( fo r  exampl e  i nhibi tion o f  hormona l s t i mu l ation ) 

i n  the direc tion of inferti l i ty .  

The nature o f  H- 5 2 ' s reproduc t ive deficits did not appear to 

be congen i ta l . The ovaries had invo luted norma l ly and there \..ras 

some ovarian ac tivi ty . Simi l ar l y , the condi tion of her uterus  might 

have been due ei ther to a pos t - natal fai l ure of development o r  degen­

erative changes . H- 5 2 ' s ent i re phy s i c a l  pi cture might have raised 

questions of poss ible  premature s enescence . 

There was evidence suggesti ng that H - 5 2  had produced ova , and 

i t  was reported that she had ( a t  l ea s t  onc e )  been in oestrus , bu t i t  

was no t 'known i f  she was ever mated . Examinations of H- 5 2  as a seven 

year old  indica ted that she was t hen p robably inferti l e .  However , 

ear ly reproduc t ive senescence may not be unusual in women wi th sex 

chromosome abnormal i ties , so on t he bas i s  of the l imi ted evidence 

avai lab l e  it was prudent not to a t t empt estimati ng her reprodu c t ive 

abi l i ty when younger . I t  could  be conservat ively stated that H - 5 2  

wou l d  never have been more than sub- ferti l e .  

Some aspec t s  o f  H- 5 2 ' s phenotype ( e . g . , behaviour ) were  

sugges tive of a typica l  devel opmen t , that might have re lated e i ther 

to her spec i f i c  chromosomal con s t i tu t ions or  to her having an 

abnormal chromosome c onstitu tion . 
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CHAPTER V 

THO 64,XX/65 ,XXY MOSAIC / CHIMAERIC MARES 

5 . 1 .  Introduction 

The two 64 , XX/ 6S , XXY mosaic / chimaeri c  mares ,  H - 46 and H-47 , 

presented in thi s  c hapter were diagno sed on the basis of chromosome 

preparations from cul tured lymphocytes and c e l l cultures initiated 

from skin biopsies . They have been combined into one chapter because 

o f  their  simi lar level s  o f  XXY mosaic / chimaeri sm and the l imited 

cvtoeeneti c  ( and gener a l ) informat ion obtai ned about these mares . 

Bo t h  mares were valuabl e  T.horoughbred s , and i n  addition one mare 

r e s ided a con siderabl e  d i s tance from the l aborato ry ,  so access to 

them for cytogenetic  inves tigat ion was res t ri cted . 

In the XX/XXY mosai c /chimaeric  i ndividual s  in the l iteratur e , 

some degree of inter sexua l ity  had always been found ( e . g . , Ferguson­

Smi th , 1 9 6 6 ,  Dai n  and Bridges , 1978 ; Dain and Wa lker , 1979 ) .  Neither 

H- 46 nor H- 47 presen ted physical  s igns of i ntersexual i ty .  H - 46 was 

infer t i l e  but there was insuffi c i en t  i nformat ion to assess H- 47 1 s  

breeding potent ial .  Both mares , however , might have fal len within 

the category of 1 1  shy breeder! . 

H - 47 had had two s igns of defect ive c audal axis deve lopment , 

atresia an i  and rectovaginal f i s tu l a .  In addit ion the possibi l i ty was 

rai sed that H - 47 1 s  high set ( po s s i b ly shor t ) t a i l  and deformed 1 1 rump1 1 

might have indicated ske l et a l  anoma lies . H - 46 had no ascertainab l e  

defects . 
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5 . 2 . Materia l s  and Methods 

5 . 2 . 1 .  Sources of Informa tion 

Informat ion about H- 46 and H-47 was suppl ied by their owners 

and veterinarians who had att ended them. P er son a l  observations by 

the author were also  recorded.  Anecdotical information was either 

ver i f ied in official records or (unless  o therwi se not ed ) independent ly 

suppl ied by at least two r e l iabl e  person s .  

5 . 2 . 2 . H - 46 

5 . 2 . 2 . 1 .  Description 

Sex : fema le  

Foa l ed : 1969 

Breed : Thoroughbred 

Co l ou r : Brown 

Size : 158 . 1 25 cm ( 15 . 3� h . h . ) at  withers 

Age of sire at birth :  

Age of dam at  birth : 

5 years 

1 1  years 

H- 46 i s  shown in Figure V . l .  

5 . 2 . 2 . 2 .  Feminine s tructures 

H - 46 ' s  ovaries , by palpation per rectum ,  were of normal 

s i z e  ( l ef t  ovary 6cm x 4cm ; r ight ovary 7cm x 4cm ) . They were reported 

to have usual ly felt like ovar ies of a normal anoestrous mare . Occa­

s iona l ly ,  a sma l l  ( 10- 15mm )  f o l l ic l e  was said to have been fel t  on one 

or both of her ovaries . 

H-46 ' s  cervix was rather f l at but centr a l ly p l aced and i t  did 

not protrude . There was s ligh t  rel axat ion of the cervical opening . 
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There was some sinking of the dorsal commi ssure o f  the vulva . The u terus 

had no tone , and an endometrial biopsy showed , " severe endom� trial 
l 

hypoplasia simi l ar to that seen in XO mares" . 

5 . i . 2 . 3 .  Repr oductive hi s to ry 

H-46 was not known t o  have ever conceived . However ,  there 

were di screpancies in reports  about attempts  that had been made to get  

1 
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Figure V . 1  H-46 as a nine year old . 
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her in foal . It  was reported that ser ious a t t empts  to breed with her 

had been made for two seasons ( when she was aged seven and eight ) but 

wi t h  no success . Track records showed that H - 46 was rac ing dJring one 

of those breeding seasons,  which probably would have adversely inf l u ­

enced att empt s  t o  breed w i t h  her . It was a l so reliably reported t hat 

H- 4 6  had once been to stud for one month ( when she was seven ) ,  where 

she was not served because she was ind ifferent to  teasing and was never 

in true oestrus . 

5 . 2 . 2 . 4 .  Behav iour 

H-46 1 s owner mai ntained that she had , at times , c. - ,- ed 

true oestrus and according to one of her t rainers H- 46 see_ l Lo be 

continuously i n  season when in racing t r i m .  Veterinari s who have 

at tended her were unable  to confirm that , wi thin a f ive year period , 

she had showed obvious s igns of oestrus . 

It  was reported by her owner and t rainer thal when i n  

t raining she d i s played stal lion - l ike behaviour such as ar hing of the 

neck . The owner stated that track commen tators and officia l s  had 

t ended to refer to H - 46 as "he" or " hi m" . 

H- 46 was eas i ly handled and was general ly p lacid . 

5 . 2 . 3 .  H - 47 

5 . 2 . 3 . 1 .  Description 

Sex : 

Foa l ed : 

Breed : 

Col our : 

fema l e  

1976 

Thoroughbred 

chestnut 

S i ze : 157 . 5  cm  ( 15 . 3  h . h . ) at withers as a 
three year o ld 

Age of sire at birth : 

Age of dam at birth : 

H- 47  i s  shown in Figure V . 3 .  

5 . 2 . 3 . 2 . General  hi story 

5 years 

8 years 

At two years o ld H- 47 was sma l l  when compared wi th o ther 

mares o f  the same age on the property . It  was reported that thi s 

d i fference in s i ze had exi s ted since she was a few weeks o l d . She 

was said to have poor Thoroughbred conformat ion and was described as 
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Figure V . 3  H - 47 as a two year o l d  maiden ma r e ,  



di sproportionate . H - 47 ' s sacral ( rump ) region appeared to be malformed 

( Figu re V . 4a ) . Her tai l appeared to be set hi gher on her back than 

u sua l and the tai l  i tsel f t o  be 7 . 5  cm shorter than i s  usua l ly seen . 

Two hard enlargement s  on the left side of her neck ( approximately 1 2 . 5  

c m  i n  diameter ) were eviden t when she was two years old . Her veter in­

arian sugges ted these  might represent malformations of  neck l igament s .  

When she was three , her vet er inarian reported that the vertebrae of the 

neck "exhibited evidence of abnormal i ti es" . I t  was not possible  to 

conf irm or estab l i s h  the exact nature of these pos s ib l e  skeletal 

anomalies . 

H- 47 ' s external geni talia appeared to be normal . During 

periodic examinations � rectum , since the age of two , H - 47 ' s  pelvic 

canal and utero - ovari an s t ructures  were found con s i stent ly to be norma l 

for her age . 

At bir th H - 47 had a recto- vaginal fis tula and atresia ani , 

and the ana l  spinc ter was s i tuated about 3 . 75 cm along the ven tral 

surface of the tai l .  The vagina l  opening was normal .  The fi l ly was 

operated on when she was s i x  days old and a continuous rectum and 

"c l oaca" were formed ( Figu re V . 4b ) .  When H - 47 was about to turn three , 

she was again operated on and separate anal and vaginal openings were 

created . H - 47 was repo r t ed to have re tained some muscu lar contro l o f  

defaecation fol lowing thi s  surgery . 

5 . 2 . 3 . 3 .  Reproduc t ive hi s tory 

H - 47 was seen exhibi ting mi ld signs of oestrus as a two 

year o l d , once late i n  the breeding season . She was no t mated at tha t  

t ime because she was c on s i dered to be too immature for breeding and 

correct ive surgery ( se c t io n  5 . 2 . 3 . 2 . ) had not yet been performed . 

H- 47 was teased dai ly from S eptember to early  December , 1979 , 

to which she exhibi ted no overt signs of oestrus . In ear ly December , 

2 . 5  cc of Pro stagland i n  " Lutalyse" (Upj ohn Pty . Ltd . , Auckland ) was 

admini s tered to her , but she s ti l l  fai led t o  show any s igns of heat 

wi thin the next ten day s .  According to her veterinarian , examination 

per rectum reveal ed ovari es simi lar to those of a mar e  s t i l l  in winter 

anoestrus . P rogesterone withdrawal t reatmen t was commenced using 7 . 5  

gm of "Regumate" ( Hoechs t ,  New Zealand Ltd . ) admini s tered oral ly for 

ten consecu tive day s . The mare exhibi ted s igns of oes trus four days 

after cessat ion of thi s t reatment and she was served . H - 47 was diag ­

nosed in foal to that service at 48 days and was repor ted sti l l  i n  foal 

at ten months . 
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5 . 2 . 3 . 4 .  Behaviour 

H - 4 7  was described by her veterinarian , owners and members 

of the s taff as good tempered . She was known t o  graze freely wi th 

other mar e s . She had not been observed di s p l aying any signs of ab­

norma l sexual  behaviour. H- 47 was reported to  move with less  grace 

than the o ther mares and had been seen only  wa lking or trotting , 

never canteri ng . 

5 . 2 . 4 .  Cytogenet i c  Materia l s  and Methods 

5 . 2 . 4 . 1 .  H - 46 

Cel l s  were cul tured according t o  the procedures described 

in Appendix VI . P lasma c lot c e l l  cul tures were ini tiated from a skin 

biopsy obtained under local anaesthesia from the neck . Metaphases 

ana lysed f rom cultured skin had a total  e lapsed time in culture of 

l es s  than four weeks . 

5 . 2 . 4 . 2 .  H- 4 7  

Ce l l s were cultured according t o  the procedures described 

in Append i x  VI . Three l eucocyte cul tures were made over a one year 

period . Ce l l  cul tures were ini tiated from ti ssue from the recto­

vagina l  area . The second finger of the hand in Figure V . 4b shows the 

l ocation o f  the samp l e .  The samp l e  was immediately p l aced in trans­

port media and was stored for 24 hours at approximately  5
°

C ,  unti l i t  

cou ld b e  processed i n  the laboratory . The c e l l s  ana lysed were from 

culture s  wi th total e lapsed time in cu l ture of less  than four weeks . 

However , some of these cel l s  were from the fourth passage . 

5 . 2 . 4 . 3 .  Evaluation of cel l s  

Po lyploid cel l s  were not recorded u.nl ess they could be 

karyo typed . By convention the cel l s  with mo re than 3 6  acrocentric 

chromo somes were con sidered to contain extra "Y" chromosomes . Meta-

phases  wi th di fferentia l chromosome count s  of 63 / 28 non- acrocentric 

chromosomes were used to determine an estima ted rate o f  artifactual 

chrom o some l o s s . However ,  the probabi l i ty remained that some of the 

c e l l s  wi th a normal differential  di p l oi d  chromo some c ount of 64/ 28 

non - acrocentrics may have been 65 ,XXY ce l l s  which had l o s t  an acro­

cen t r i c  chromosome during s l ide preparation • 

. \ 
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5 . 3 .  Resu l t s  

5 . 3 . 1 .  H - 46 

A t o t a l  of 1 68 metaphases were evaluated from H - 46 (Table 

5 - l ) .  Twenty - on e  c e l l s  ( 1 2 . 5% )  had 65 chromosomes and , by di ffer­

ential coun t ,  28  non - acrocentric  chromo somes . Every karyotype 

analysi s showed the extra chromo some to be an ac rocen tric  ( Figure 

V . 5 ) . In add i t ion to  thi s presumpt ive 65 , XXY l i ne ,  95  metapha ses 

( 56 . 5% )  had chromosome counts of 64 , of whi ch 28 chromo somes were 

non- acrocen t r i c . A l l  of these metaphases karyotyped were 64 , XX 

( Figure V .  6 )  . 

The total  e s timat ed rate o f  art ifac tua l  chromos ome los s  was 

1 2 . 5% .  Therefor e ,  both the one c e l l determined , on the bas i s  of 

chromosome mo rphology , to be 63 , XO and the two cel l s  karyotyped as 

64 , XY ( on t he basi s of non - acrocentr i c  chromosome morpho logy and t he 

presence of 3 7  acrocentric chromo somes ) lvere considered to be art i ­

facts  rather than evi dence of t rue minor l ines . 

Al l c e l l s  wi th greater than 65 chromosomes were from the 

first  c el l s  r emoved from the primary expl ant and were therefo r e  no t 

considered t o  represent in-vi t ro c lone effec t s. The three cel l s  wi th 

6 6 ( 28 non- acrocentr i c ) chromosomes karyotyped as 66 , XX + t\vO acro ­

centric chromo s omes . Ho\·Jever , the scarci ty ( 1 . 8% )  of these c e l l s  

and the i r  occurrence i n  on ly one cul ture set suggested caut i on in 

as sumi ng more than the po s s ibi l i ty of such a l ine in- vivo . There 

was no pat t e rn to the chromo somes contained ei ther in the three 

metaphases wi th 69 chromosomes or the one cel l wi th 9 2  chromosomes , 

which were therefore con si dered to be part s  of po lyp loid  cel l s . 
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TISSUES 

B l ood I 
S k i n 

Total 

( % ) 

TISSUES 

B l ood I 
Sk i n 

Total 

( % )  

Tab l e  5 - la 

The d i s tr i butions of chromosome counts from . 
H - 46 ' s cul tured cel l s .  

DISTRIBUTION OF GROSS COUNTS 

� 6 2  6 3  6 4  65 > 65 Polyp loid 

2 4 20 3 1 
1 1  22 77 1 8  7 3 
1 3  26 97 2 1  7 4 

( 7 .  7 )  ( 1 5 . 5 ) ( 57 .  7 )  ( 1 2 . 5 )  ( 4 . 2 )  ( 2 . 4 )  

Tab le 5 - l b  

The d i s t ribu t ions o f  different ial chromosome 
c ounts from H - 46 ' s cultured c e l l s .  

DISTRIBUTION OF DIFFERENTIAL COUNTS 

� 6 2  6 3  6 4  65 )' 65 
__ Po ly-

( - ) (28)  (27)  * ( 28 )  ( 2 7 )  ( 2 8 )  ( ** )  
p laid 

2 4 20 3 
1 1  1 7 5 75 2 1 8  7 3 
1 3  21 5 95 2 21 7 4 

( 7 . 7 ) ( 1 2 . 5 ) ( 3 . 0 ) ( 56 . 5 ) ( 1  . 2 ) ( 1 2 . 5 ) ( 4 . 2 )  ( 2 . 4 )  

*Four 6 3 , XX  cells 
**Three 66 ( 2 8 )  cel l s , three 69 ( 3 2 )  and one 92 (34) . 

1 3 3  

TOTAL 

CELLS 

30 
1 38 
1 68 

TOTAL 

CELLS 

30 
1 38 
1 68 



Figure V . 5  

-, 
c 

An exampl e  of a ce l l  from H - 46 which was 

designated , by conven t i on , 65 , XXY ( approx . 

X 5 , OOO ) . 
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Figure V . 6  

- -

. " 

A normal 64 ,XX c e l l from H- 46 

( approx . X 5 , 000) . 
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5 . 3 . 2 .  H- 47 

A total  of 185 metaphases were eva luated from H-47 ( Tab l e  

5 - 2 ) . Twenty- three ce l l s  (1 2 . 4% )  had 65 chromosomes and a differ­

en ti al count of 28 non- acrocen tric chromosomes . Every karyo type 

ana lys i s  showed the ext ra chromosome to be an acrocen tric ( Figure 

V . 7 ) . Besides thi s presumpt ive 6S , XXY line ,  1 1 2  cel l s  ( 60 . 5% )  had 

64(  28 non- ac rocentric ) chromo somes . Al l of these karyotyped \vere 

64 , XX ( Figure V . 8 ) . 

There was a marked inc rease i n  the proportion of c e l l s  with 

65 chromosomes in passaged c u l tures ( 27 . 0% )  over those removed second 

and thi rd from the explant ( 4 . 9% and 5 . 5% respec tivel y ) . Passaged 

cel l s  were f rom tho se f i r s t  removed from the exp lan t s  and 2 2 . 2% of 

the nine c e l l s  evaluated f rom the f i r s t  removal had 65 chromosomes . 

Therefore , nei ther di fferential  viabi l i ty in cul ture nor c lone effec t  

\vas sugges ted (Benn , 1 9 77 ) .  Impl i ed ,  however ,  was the pos si bi l i ty 

that  r e latively more 6S , XXY c e l ls  had survived the t ran sfer to 

i n- vi t ro condi tions than 64 , XX  ones . 

The total estimated rate of art i factual chromosome los s was 

5 . 4% .  Five of the eight cel l s  with differential  counts of 63/ 27 

non - ac rocentric  chromo somes were 63  , XX ,  so the remaining three ''le re 

considered to be art i fac t s . Simi larly , the ei ght c e l l s  wi th 37 acro ­

cent ric  and 27 non- acrocent r i c  chromo somes might have been con s i dered 

artifacts ( presumably f rom 6S , XXY cel l s ) . However , the percentage of 

64/ 27 non- acrocentric metaphases from cu l tured skin ( 5 . 7% )  did exceed 

the 4 . 8% e s timated rate of artifac t for cul tured skin support ing the 

po s s i bi l i ty o f  a minor  64 , XY line in derma l / epiderma l tis sues . 

The two cel l s  wi th  c ounts of 66 ( 29 non - acrocent ric ) chromo­

somes were from separat e  ski n cul ture fl asks , whi ch rai sed the 

pos s i bi l i ty that such a l ine  might have exi s ted in- vivo . The o the r 

two c e l l s  with greater than 65 chromo somes were obviously parts of 

po lyp loid cel l s .  

1 3 6  



TISSUES 

B l ood I 
B l ood I I 
B l ood I l l  

Total 

Tab le  5- 2a 
The distributions of chromo some count s  from 
H- 47 ' s cu l tured c e l l s .  

DISTRIBUTION OF GROSS COUNTS 

� 62 63 64 65 .> 65 Polyp loid 

2 1 7  2 
3 36 5 

3 9 

Leucocytes 3 6 62 8 c 

S k i n 

Tota l 

( % ) 

TISSUES 

Tota l  
Leuco cytes 

Sk i n  

Tota l 

( % )  

1 5  1 2  58 1 5  3 2 

1 8  1 8  1 20 23 4 2 
( 9 .  7 )  ( 9 .  7 )  ( 64 . 9 )  ( 1 2 . 4 )  ( 2 . 2 ) ( 1 . 1 ) 

Table  5 - 2b 

The di stributions of differen t i a l  chromosome 
c ount s  from H - 47 ' s cul tured cel l s .  

DISTRIBUTION OF DIFFERENTIAL COUNTS 

!: 62 63 64 65 )' 65 
Poly-

( - ) ( 28)  ( 2  7 �  (28)  ( 2 7 )  (28)  (*,.�)  p laid 

3 5 1 60 2 8 1 
1 5  5 7 52 6 1 5  3 2 

- -- - --

1 8  1 0  8 1 1 2  8 23  4 2 
( 9 . 7 )  ( 5 . 4 ) ( 4 . 3 ) ( 60 . 5 ) ( 4 . 3 ) ( 1 2 . 4 ) ( 2 . 2 ) ( 1 . 1 ) 

* Five cell s , 6 3 , XX .  

TOTAL 
CELLS 

2 1  
4 5 
1 4 

80 
1 05 

1 85 

TOTAL 
CELLS 

80 
1 05 

1 85 

** Two cells 66 (29)  from skin ; one 81 and one 70., parts of polyploids . 
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Figure V . 7  

! I 

, 

,. 

An exampl e  of a cel l  from H- 47 whi ch was 

designated , by convention , 65 ,XXY ( approx . 

X 5 ,OOO ) .  
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Figure V . 8  
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a - -

A normal 64 , XX  metaphase from H- 47 

( approx . X 5 , 000 ) .  
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5 . 4 .  Di scussion 

H - 46 and H-47 had in common an apparent 10- 14% XXY mosai c / chi ­

maeri sm .  That estima te , based upon tota l  c e l l s  evaluated , may have 

underes timated the degrees of mosaic/ chimaerism in the i r  b lood and 

skin . The proportions of XXY c el l s  became 1 1 - 20% when only the cel l s  

that had 64 and 65 c hromo somes  were considered . 

According to Ford ( 1 9 69 ) ,  the XX/XXY chromo some conf iguration 

can ari se from a s i ng l e  error . However , that one event can al so 

imply two errors : meio t i c  non - d i s j unc tion in the dam or sire resul t ing 

i n  a 65 ,XXY zygote and the l o s s  of a Y- chromosome during early c l eav-

age .  An add i tional error mus t  be postu la ted to achieve XY/XX/XXY 

mi xoploidy ,  in those  cases wi th a val id XY cel l l ine . 

Nei ther mare ' s  hi story sugges ted a predispo st tion to a cyto­

genetic abnormality . Bo th dams had good breeding records and the i r  

ages at conception ( ten and seven ) did  no t suggest a maternal age 

effec t .  On the othe r hand , bo th sires  were four years o ld a t  the 

t imes of servi ce ,  whi ch i s  young for Thoroughbred sta l lions . The 

possible significance of thi s mus t  a\vai t  information on o ther such 

mosaic / chimaeric mare s . The mares did not share a common anc es tral 

Y- chromosome in the four gen eration s  traced , and they had on ly a 

very s light chance of sharing a common ancestra l  X- chromosome . The 

coeffic ient of relationship between H - 46 and H - 47 ,  based on incomp l ete  

pedigrees , was 0 . 45 9  whi ch , on  i t s  own , was not thought to  be 

s igni fican t .  

Aside from H- 47 ' s  congen i tal anoma l i es , no thing was found to 

suggest that these were unusua l Thoroughbred mares . There may we l l  

be others like them in the equine population . H-46 and H- 47 were the 

first  two non- intersex XX/XXY mares inves tigated . Nei ther the exten t 

of their individual mos ai c / chimaerism nor the relationship between i t  

and thei r ferti l i ty was estab l i shed . 

H - 46 had to be considered " inferti l e" . The progno s i s  on her 

abi l i ty to carry a foal , based on her sever e ' endometrial hypoplas i a , 

\vas negative . One cou l d  only speculate as to whethe r that was an 

ac qui red condi tion . That i s , whether if she had been a l lowed ( o r  

assis ted ) to  breed when younger she mi gh t  have conceived . H - 46 was 

probably no t steri l e  because she was reported to have had occasional 

fol l ic les whi ch were pal pab l e  per rec tum , and in addi tion she may 

have experi enced " s i l ent" heats . 
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There was insuffi c ient information to make an assessment o� 

H - 47 1 � fer t i l i ty .  Moreover ,  since she was young and in her first  

s ea so n ,  no conc lusions shou l d  have been dra�m as to her u l timate 

f e r t i l i ty .  She was repor ted to have shown mi l d  o es t rou s behavior 

as a two year old and as a three year o l d  Has induced , - wi th exogenous 

hormo nes to come into s eason . She was diagnosed as pregnant _by bo th 

b l ood test and rec tal pal pation , and was s ti l l  in foal at ten months . 

Sex- chromosome abno rma l ities are unl ikel y  to be suspec ted 

when the phenotype i s  norma l  (Jacobs ,  1 9 69 ) .  Thi s  may have contri ­

bu ted to the lack of repo r t s  in the li terature of XX/XX': 9 enotypic  

femal es . The maj ori ty of XX/XXY fema l es in the l i terature have 

di s p l ayed some degree o f  intersexual i ty ( e . g . , Dai n and Wa lker , 1979 ) .  

Conversely,  about 1 7% of 1 1XX1 1  men ( fema l e  pseudohermaphrodi tes ) have 

been found to be mosaic / chimaeric for an XXY l in e  ( Miro et al . ,  1 9 79 ) ,  

and bo th 1 1XX 1 1  men and human true hermaphrodi t e s  have been shown to 

carry 1 1Y 1 1  genes , if not the Y-chromo so me (Wachtel , 1979 , 1980 ) . Herm­

aphrodi tes containing XXY ce·l l s have been reported in humans 

( Ferguson - Smi th , 1966 ; B i sho p , 1 9 7 2 ; Opi t z  et  a l . ,  1979 ) ,  cat t l e  
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Dunn et a l . ,  1970 ) , swine ( Toyama , 1 974 ) and dogs ( Pul len ,  1 9 70 ) . That 

this chromosome configuration occurred i n  hermaphrodi tes sugges ted that 

i t  c ould be found in f emales  of normal phenotype ( Ferguson - Smi th , 1 9 6 6 ; 

Jacobs , 1 9 69 ) .  Since two pregnant t rue  hermaphrodi tes had been repo rted 

( Kim  et a l . ,  1979 ) ,  there Has no reason to suppo se that al l XX/XXY 

women wou l d  be infer ti l e .  

P revious ly repor ted cases o f  XX/XXY mosaic /chimaerism in the 

dome s tic hor s e ,  in l ine wi th human report s , have a l l  displayed mascu­

l ine intersexua l i ty ( Bouters et al . ,  1 9 7 2 , 1 9 7 5 ; Fretz and Hare , 1 9 76 ) . 

Both Dunn et al . ( 1 974 ) and Basrur  e t  al . ( 1 9 6 9 , 1 970 ) reported an XY 

l in e  in addition to the XX and XXY li nes , a l though the desc ri bed 

pheno type resemb led Bout ers et al . ' s  ( 1 9 7 2 , 1 9 75 ) animal . Kodagal i  

( 1 9 6 9 ) repor ted an intersex ho rse , the karyotype o f  which vJas no t 

known , which also resemb led the above cases . Bornstein ( 19 67 ) repo rted 

two 1 1XX1 1  intersexes but examination of hi s data suggested the possibi l ­

i ty of l ow level mosaic i sm for a l ine w i th 65 chromosomes i n  his case 

II  and a l ine ( o r  lines ) wi th ei ther 65 or 6 6  chromosomes in his  case 

I .  However , in hi s case I on ly 19  cel l s  were eva luated and no desc rip­

t ion was given of  the karyo type of the hyp erdipl oid  cel l s  reported 

( Bo rns tein , 1967 ) .  Insuffic ient information was supp l i ed by Gerneke 



I 
and Coubrough ( 19 70 )  and Bielan ski ( 1 977 ) on their "XX" intersexes , 

bu t mosai c / chimaeri sm might be suspec ted from the desc ription o f  the 

anima l s . 

S tudies of freemart in cat t l e  (Vigier et al . ,  1 9 70 ;  Greene e t  

a l . ,  1 9 77 ) ;  sheep ( Bruere,  1 9 6 6 ; Bru�r e  and McNab , 1 963 ; Dain and 

Tucker , 1 9 70 ;  Dain , 1974)  and pigs (Toyama , 1 9 7 4 )  have shown a d i s ­

tin c t  lack of c orrelat ion be tween the degree of masc u l ini zation and 

the propor tion of ' 'XY" lymphocytes present . The same situation may 

or may no t ho l d  true for who l e  body chimaeras . In the XX/XY chimaeras 

of c ertain mur i ne st rain combinat ions a preponderance of p: �!lo ;.y p·L c  
ma les apparent ly develops ( Mu l len and \fui tten , 1 971 ; Ohno _J:: al . ,  

1976 ) . A tendency had al so been shown for ma le  development in the 

few XX/XY ar tifi cial sheep chimaeras investigated , i rrespec tive of 

the estimated proportions of XX c e l l s  present ( Tucker et al . ,  1974 , 

1 9 78 ) .  Therefore , there was some support for Ohno ' s  ( 1976 )  theory 

that in mamma l s  XX/ XY chimaeras tend to develop ei ther testicu l ar 

l ike gonads wi thout germ cel l s  ( as in freemar tins ) or func tional 

testes as in murine and sheep artifical  who l e  body chimaeras and 

bu l l  haemopoietic  chimaeras . 

I ronica l ly ,  "XY" mares have been reported to be phenotyp i ca l ly 

fema l e , sometimes cyc l ing and in one case fer t i l e  ( Chandley et a l . ,  

1 9 75b ; Hughes and Trommershausen- Smi th , 1 9 76 ; Ki effer et al . ,  1 9 76 ; 

Trommershausen- Smi th et. a l . ,  1979 ; Sharp et a l . ,  1980 ) . Development 

of functional feminine tra i t s  in the p resumptive or confi rmed presence 

of H - Y  antigen , suggests the pre sence of hermaphrodi t i sm ,  receptor 

c e l l  defect , c ryptic  mosaic i sm or loss  of quorum of H - Y  genes _( Shaup 

et � . , 1 980 ; Wachte l , 1 980 ) .  Any or a l l  of those po ssibi l i ties  

might exi st  i n  a mosaic/ chimaera whos e  sex c hromosome constitution 

was predominantly  XX . In other words , the possibi l i ty of a geneti c 

disorder , such as tes ticular femini zat i on , having been masked by the 

pres enc e of mo sai c / chimaeri sm in H- 46 and H- 47 canno t be exc luded . 

Ohno et al . ( 1 976 )  proposed that only a few c eLLs cou ld 

d i s seminate enough H-Y antigen to coat XX cel ls . The coated XX c e l l s  

wou l d  then col lec tively ac t to  promote  testicular d i fferenti ation 

( Ohno et  al . ,  1 9 76 ) .  Such a mechanism wou l d  require non - di s j unc t i on 

i n  only a few unstable bu t we l l  placed XXY c e l l s  relatively late i n  

embryogenes is , or a few s trategi cally  located XXY cel l s  capabl e  o f  

suff i cient di s semination of H - Y  an tigen , to explain those mascul ini zed 
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cases of XX/XXY mosaic / chimaerism reported in the l i t erature . Con ­

versely , the f ai lure of those mechani sms cou ld explain H - 46 and H- 47 ' s 

female  phenotype . If  Ohno et a l . ' s  ( 1 976 ) theory i s  c o rrec t , however , 

i t  imp l i es that fema l e  developmen t coul d  be mo re probabl e than mal e  

development i n  low l evel equine XX/XXY mosai c / chimaeras .  

Nei ther H - 46 nor H - 47 sho�ed physical si�ns of intersexuali ty . 

In both ova r i e s  had been pal pated per rec tum and whi le  some ovarian 

ac tivi ty had been repor ted in H- 46 ,  H - 47 was diagnosed _ ( by bl ood t es t )  

a s  pregnant 48 days after servic e .  The intersex desc ribed by Bou ters 

et al . ( 1 9 7 2 ,  1975 ) tended to a fema l e  conformation wi t� � rudimentary 

vagina , a l though i t  had a pen i s  and testes . Both cases described by 

Bornst ein ( 1 9 6 7 ) a l s o  tended to fema l e  confo rmat ion , case I had an 

enlarged c l i toris  and case II a peni s ,  al though both had a uterus and 

testes . The c ase desc ribed by Fretz and Hare ( 1 9 76 ) had an enlarged 

c l i tori s and testes wi thout germ cel l s .  

There were unsubs tantiated reports of mi ld mascu l ine behaviour 

by H - 46 .  However , s t ro ng mascu l ine behaviour was repor ted in intersex 

ho rses by F re t z  and Hare ( 1 97 6 ) , Bouters et al . ( 1 9 7 2 , 1 9 75 ) and 

Bornste i n  ( 1 9 67 ) .  

In  tho s e  equine intersex cases where repl i cate t i s sues were 

studi ed , the possibi l i ty of freemartin ism cou l d  be e l iminated sin c e  

chorio - vascu l ar anas tomo s i s  occurs too late i n  horses ei ther to 

inf luence sexua l development or for embryoblast inc lus ion (Vandep l a ­

s sche et a l . ,  1970 ; Bou ters and Vandep lassche , 197 2 ) . Hmvever ,  the 

pos sibi l i ty of who l e  body chimaeri sm in the absenc e o f  geneti c  markers 

remain ed in such cases . 

In bo th H - 46 and H - 47 l eucocytes and cu l tured c e l ls  from skin 

biops i es were exami ned and a range of 10- 14% 65 , XXY c e l l s  were 

found . That i s  nearly  twice the proportion of XXY c e l l s  that have 

been repor ted in  intersex horses  wi th such a c e l l  l in e .  Bouters e t  

a l . ( 1 9 7 2 , 1 9 75 ) examined on ly laucocytes . Too fe\v c el l s  were eva l ­

uated by Born s tein ( 1 967 ) i n  h i s  case I and those were only from one 

t i ssue ( skin ) . However , in hi s case II cul tured ce l l s  from both skin 

and Mu l l er i an ti ssue were analysed ( 47 and 3 7  cel l s  respec tively ) 

( Borns tein , 1 9 67 ) . . Fret z and Hare 0976 ) exami ned b lood and cul tu red 

c e l l s  f rom testis  and epididymi � .  In these cases XXY mosaic / chimaer i sm 

ranged between 4% and 7% . 

The gro ss devel opmental differences between repor ted equine 

XX/XXY intersexes and H- 46 and H - 47 mi ght sugges t the possibi l i ty of 
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different etio logies for the two non - in te r sex mares . For exampl e ,  

i n  the intersex cases an und i scovered o r  l os t  XY l ine ( o r  XXY ) might 

have been predomi nant at the t i me of mal e  determination. Al terna­

t ively the c e l l s  giving rise  to  mosai c i sm might have been of different 

c hromosome configurations , i . e . , XY , XXY , XXYY . 

The event that might have given r i s e  even to the mosai c / chi ­

maeri sm in H - 46 and H - 47 may no t have happened at the sallle s tage o f  

devel opment i n  both mares . Also , even i f  the event occurred at the 

same time in both mares , the s amp l ing events taking place in pre­

cursor cel l  poo ls  may not have been the same . If the reports  of  

s l ight behavioural or conformationa l  mascu l ini zat ion of H-46 were 

accep ted , or one accepted a relationship  between H - 47 ' s  congen i ta l  

defec t s  and he r chromosomal con s t i tu t i on ,  i t  wou ld seem unl ikely 

that H - 46 and H-47  had had simi lar mosaic / chimaerism at c rucial  

s tages of the i r  embryogenes i s . 

5 . 4 . 1 .  Errors of Developmen t and H - 46 and H-47 

Deve lopmental errors are found wi t h  hi gher frequency amongst 

c hromosomal ly abnormal individua l s . Bau l d  et a l . ( 1 974 )  repor ted 

that 17 . 8% of human per i - natal and neonate mor tal i ties having con ­

gen i tal ma lformat ions al so had chromo some abnormali ties . 

The sinking of the dorsal commi s sure of the vulva noted i n  

H - 46 cou l d  have represented an anoma l y  o f  development . However. ,  

this condi tion was noted when the animal \vas moderately old ( 9  years ) 

and \vhen she \•Jas in rac ing t r i m ,  c i rcums t ances  which can empha s i z e  

the condi tion ( Pascoe , 1 9 79 ') .  Since H - 46 had had no record of 

pneumovagini tis , a progress ive s i tuat ion assoc iated wi th aging was 

imp l i ed , rather than a congeni tal or an i nheri ted abnorma l i ty 

( Pascoe , 1979 ) .  

H-47 , on the othe r hand , was i nve s tigated for cytogenet i c  

abnormal ities  becau se o f  unequ ivocabl e  c ongeni tal defec t s ,  the 

pattern of which sugges ted the pos sibi l i ty of an intersex c ond i t i o n .  

That H - 47 was found t o  b e  a n  XX/XXY mosaic /chimaera may have been 

enti rely fortui tous . Convers e ly , she was the first mare repor ted 

wi th congenital defec ts and an XX/XXY mo saic /chimaeric condi tion . 

The incidence of atresia ani was reported to be s l i ghtly 

hi gher in boy� than in  gi r l s  ( Bergsma , 1 9 73 ) . However , its  inci dence 

was reported to be signi ficant ly higher i n  mnl e  lambs ( Dennis  and 
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Lei po ld ,  1 9 7 2 ) ,  mal e  pigs (Norr i sh and Renni e ,  1968 ) ,  and was sug­

ges ted to be higher in bu l l  calves ( Leipo l d  et al . ,  1 9 76 ) . Anal 

atresia is a l so a f requent ly found mal forma t ion in s evere cases  o f  

femal e  pseudohermaphrod i t i sm ( Over zier , 1 963 ) .  

The s everi ty of H - 47 ' s congeni ta l  defec t s  may have re lated to 

unkno\vn sex chromo s o me interac tions \vi th devel o pmental mechani sms . 

Dis turbances in the divis ion o f  the embryoni c  c loaca and in the 

formation of the c loac a l  membrane and fau l ty or arres ted migration 

of the urorectal  septum have been impl icated in both a tresia ani 

and Fec to - vagina l f i s tu lae formation ( Arey , 1 96 2 ;  Overzier , 1 9 63 ; 

Nieber l e  and Cohr s , 1 967 ; Raw l ings and Capps , 1971 ; Har r i s  et al . ,  

1 9 79 ) .  Cases of a t resia ani wi th recto - vagina l  fistula have been 

reported in Buffa l o  ( Mar l er et al . ,  1 9 77 ) ,  dog (Rawl ings and Capps , 

1 9 7 1 ) ,  catt le  ( Nai r ,  1 97 2 ;  Lei po l d  et al . ,  1 9 76 ) ,  squi rrel monkey 

( Harris  et a l . ,  1 9 79 ) and sheep ( Gerneke , 1 9 67 ) .  

The temporal devel opmenta� pattern of the ana l  s phinc ter 

rel ative to that of the urogen i tal sinus ( Arey , 1 9 6 2 ; Marrab l e ,  

1 9 7 1 ) sugges ted that the di spl acement of H - 47 ' s anal sphinc ter 

could  be con sidered a separate  congeni tal defec t .  Thi s was thought 

probably to  have resul ted from the abnormal embryoni c  envi ronment 

e s tabli shed by the o ther defec t s , inc luding pos sibl e abnorma l 

skel eta l  deve lopmen t patterns . 

The etio l ogy of atres i a  ani is  
-
unknmvn ( Denni s  and Leipo l d , 

1 9 7 2 ; Hus ton et a l. , 1 9 77. ). A lthough gene t i ca l ly produced there may be 

an inf luence by exogenous envi ronmental fac tors (Ni eberl e  and Cohr s , 

1 9 67 ; Smid t , 1 9 7 2 ; Harris  et  a l . ,  1979 ) .  I n  humans mos t  anorect a l  

anomal i es are cons idered chance occurrenc es , a l_though bo th envi ron­

mental  fac to r s  and i n  some fami li es , an autosomal reces sive mode 

of i nheri tance have b een implicated ( Bergsma , 1973 ; Harris  et a l . ,  

1 9 79 ) .  In swine , there were s t rong indications that there was a 

po lygeni c component with high penetrance in the inheri tance of 

atresia ani ( Norr i sh and Renni e ,  1 968 ; Smidt , 1972 ) .  

Atresia ani i s  occas ional ly seen in ho rses ( Hus ton et a l . ,  

1 977 ) .  Ho\.:ever , i t  i s  one o f  the more common congeni tal defec ts  in 

humans , occurring in one in approximately 4 , 500 to 5 , 000 live bi r ths 

( Overzier , 1963 ; Bergsma , 1 9 73 ; Morson , 1 978 ; Harri s et  al . ,  1 9 7 9 ) .  

I t  i s  more common in swine ,  appearing in 0 . 4  to 0 . 6% of births 

( Norrish and Renni e ,  1 9 68 ; Smi dt , 1972 ) .  Atresia ani was repor ted 
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i n  sheep ( Gerneke , · 1 9 6 7 ; Dermi s and L e i po l d , 1 9 7 2 )  and was said t o  

have been invo lved i n  u p  to one i n  6 9  peri n a t a l  l amb mor tal i ti e s  

( Denn i s  and S eddon , 1 97 1 ) .  I t  i s  a re l a t i v e l y  rare congen i t a l  

d e f e c t  i n  c at t l e  ( Gr e ene e t  a l . ,  1 97 3 ; Lei po l d  e t  al . ,  1 976 ) .  How­

ever , in dogs i t  \·Jas sugges ted to b e  under - repor t ed ( Ra,.;l ings and 

Capps , 1 9 7 1 ) ,  and thi s may be t ru e  o f  o ther dome s t i c  ani ma l s . 

Chromo some anoma l i e s  had no t been found in as sociation ui t h  

the s tudied cases o f  a t r e s i a  ani i n  e i ther S'dine ( Vog t ,  1 96 7 ) or 

sheep ( Ge rneke , 1 9 6 7 ) .  However , po s si b l e  mo sai c i sm was not inves t i ­

g a ted , and the pos s ibi l i ty cou l d  n o t  b e  exc l u d ed in the four anima l s  

evaluated . In human s ,  a t r e s i a  ani i s  not c on s i dered to be rel ated 

t o  chromo some abnorma l i t i es ( Overzi er , 1 9 6 3 ) .  However ,  s ome auto ­

s oma l  d e l e t i on syndrome s a r e  as s o c i ated ·i th the c ondi t ion in humans 

( Be rgsma , 1 9 7 3 ) and in cat t l e a r i ng auto s om e  was as s o c ia ted w i th 

the condi tion ( Laj da e t  a l . , 1 9 76 ) .  A t r e s i a  ani i s  a componen t o f  

s everal r ecogni zed human syndromes a s  we l l  a s  " fus ed" mutation in 

m i c e  (Harr i s  et a l . , 1 9 7 9 ) .  It i s  u su a l l y  f ound in a s so ciation wi t h  

o t her congen i t a l  defe c t s ( Denni s and L e i po l d , 1 97 2 ;  Bergsma ,  1 9 7 3 ; 

L e i po ld e t  a l . ,  1 9 7 6 ; Raw l ings and Capps ,  1 9 77 ) .  

S pina l anoma l i e s  in dome s t i c  anima l s  u s ua l ly invo lve the 

c audal r eg ion ( Nieber l e  and Cohr s , 1 9 6 7 ) and are common comp l i cati o n s  

in anore c t a l  mal format i o n s  in humans ( Bergsma , 1 9 7 3 ) .  I n  humans ,  

var ious ske l et a l  anoma l i e s  have been r eporte d  i n  connec t ion w i th a l l  

c hromo s om e  abnorma l i t ie s ,  howeve r  n o  speci f i c  r e latio nshi p s  have 

b ee n  d i s covered . Amongs t  tho s e  individua l s with sex chromo s ome 

dy smorphi sm ,  ske l e t a l  mal formations o f  var i o u s  kind s ,  including 

underdev e loped sacrum and coccyx and fu s i o n  of s p inal or cervi cal 

v e r t ebra e , a r e  frequen t ly reported ( P o l an i , 1 9 6 1 ; Over z i er , 1 9 63 ;  

Mor i shima and Grumbach, 1 9 68 ; Hsueh e t  a l . , 1 9 78 ) . Ske l etal mal ­

f ormati on s  a r e  common in women wi th gonada l  dysgen e si s , and compri s e  

part o f  the Turner syndrome (Turn e r , 1 9 3 8 ) .  

R eduction in the number o f  v e r tebrae r e su l t in g  in shortenin g  

o f  the t ai l  may be a phenomenon o f  chance o r  may b e  inheri ted 

( N i eber l e  and Cohr s ,  1 9 67 ) .  S ho r t  t a i l has been reported i n  asso c i -
, 

a t  ion with at r e s i a  ani i n  squi r r e l  monkey ' s  ( Harri s a l . ,  1 9 7 9 ) and 

c a t t le ( Greene et a l . , 1 9 73 ) .  For that mat t e r , t ai l - l e s sn e s s , due to 

a g enes i a  of the t ai l bud ( N i eber l e  and Cohr s ,  1 9 67 ) ,  was reported 

i n  a s s o c i at io n  wi th nine of s i xt een c a s e s  of c at t l e  wi th atr e s i a  
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ani ( Greene et  al." , 1 9 7 3 ; Leipo ld et  a l . ,  1976 ) .  

Therefore , i t  was con s i dered probable that intensive anatomical 

studies  of H - 47 woul d  d i sc lo s e  anomal i es and possibly  confi rm her 

veterinarian ' s  opinion that she pos ses sed ske l etal anomali es . 

5 . 4 . 2 .  Summary 

H-46  and H - 47 were 64 , XX/ 65 , XXY  mosaic / chimaeras wi th no 

phy s i c a l  s igns of intersexuaLity . H - 46 was presented for cytogeneti c  

analysi s  because her trai ner t hought she had mascu l in e  trai t s .  Only 

after her ini tial  d iagnos i s a s  a mosai c /chimaera was· her " inferti l i ty" 

s er iously questioned . H- 46 ' s  severe endometrial  hypoplasia sugges ted 

t hat she wou l d  be incapabl e  of carrying a foa l to term and j u s t i fied 

a diagno sis  of " infert i l e" .  H - 47 was a young maiden mare inve s t i ­

gated f o r  cyt ogeneti c  abnorma l i ties because she had been born with 

defec t s  of d eve lopment of the caudal axis . Fo l l owing treatment and 

t herapy , H - 47 was served and was diagno sed as in foal . However , 

there was insufficient informa t ion to assess her fert i li ty . 
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CHAPTER VI 

H - 2 7 ,  AN ENIGMA 

6 . 1 .  Introduc t ion 

H - 27  was an apparently  norma l mare admi tted to the Large 

Animal Uni t at Massey Univers i ty for i nves t igation of chroni c  

endometri t i s . Coinc i denta l ly H- 2 7  was admi t ted a t  the same time 

as a mare suspec ted of being an XO/XX mosai c ( Bru ere et al . ,  1 9 78 ) , 

and blood sampl e s  were obtained from H- 27  for control lymphocyte 

cul tures . I t  v.1as the cons i s te.nt fai lure of H- 27 ' s lymphocyte cu l ­

tures to y i e l d  suf f i c i ent  metaphas es for analysis  that sugges t ed 

she may have had an abnorma l karyotype . 

An i n i t ia l  cel l c u l tur e ,  from a skin biopsy , provided three 

cel l s  Hhi ch suggested the po ssibi l ity o f  a minor 6 6 , XXXX c el l  l in e . 

Pos t - mortem sex- chromat i n  s tudies of the central nervous sys t em 

confirmed the presenc e of t\vo inac tive X-chromosomes in some o f  her 

neurons . However , c e l l  cul tures f rom r epeat skin biopsies and 

from tis sues obtained at autopsy \vere sugges tive of a general 

mi totic ins tabi l i ty i n - vi tro . They al so rai sed the po ssibi l i ty o f  

ei ther a polyp loid cel l l i ne in-vivo o r  a t endency to po lyp loidy 

in-vitro . 

In view o f  the apparent mi to tic ins tabi l i ty in-vi t ro of H- 27 ' s  

c e l l s ,  and in an attempt t o  bo th under s tand why the lymphocy te 

cul tures from H - 27 fai l ed to grow and quant i fy the defic i t ,  lympho ­

cyte transforma tion t e s t s  were performed . These veri fied that  her 
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l ymphocytes were func tiona l ly defec t ive i n  phytohaemagglu tinin 

s t i mul ation sys tems . S i nce  depressed lymphocyte transformat ion 

is evidenc e of anomal ies of the immune system ,  thi s  lead to 

speculation about H- 27 ' s immune s tatus relative to bo th her 

karyotype and . her infert i l i ty .  

Access to H- 27 for cytogenetic studi es was limi ted . How­

ever , i t  was pos s i b l e  to obs erve the mare over extended per i od s 

and her records were made avai lab l e . I t  was also po ssible to  

par t ic i pate i n  her auto psy and to  obtai n t i ssue sampl es at  that 

t i me .  
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6 . 2 . Material s and Methods 

6 . 2 . 1 .  H - 27 

6 . 2 . 1 . 1 .  Descript ion 

Sex :  

Foa led : 

Breed : 

Co lour : 

fema l e  

1 9 7 1  

Thoroughbred 

ches tnut 

Age of s ir e  at bi rth : 10 years  

6 years  Age of  darn at birth : 

6 . 2 . 1 . 2. General information 

H - 27 was adm i t ted to the Large Anima l Uni t at Mas sey 

Univer s i ty ,  Facu l ty of Veterinary Scienc e ,  on the 2 1 s t  of February , 

1 9 78 . At the time o f  admi ssion she was a normal si zed six year 

o l d mare ,  in good condi tion except for chronic  endometriti s .  

6 . 2 . 1 . 3 .  
1 

Pre-adrni s s ion his tory 

At ages four and f ive , H- 27 had been sent to different 

s tuds . Both reported that she had " fai l ed t o  hold" . Nei ther s tu d  

r e ported any his tory o f  infect ion . She arrived at the third s tud , 

a s  a s ix year old , where she exhi bi ted profuse purul ent vaginal 

d i scharge . She showed oestrus and was s erved to a fo l l ic le on the 

r i ght ovary fol lowing successful t reatment f or pyometra . Three 

weeks l ater she returned to season and was s erved again . Five weeks 

after the second serv i c e  she again devel oped pyometra.  The condi t ion 

was treated but she was referred to the Facu l ty of Veterinary S c i enc� 

Ma ssey University . 

6 2 1 4 H .  t Ma u . • t  
2 

• • • • 1 s  ory at s sey n 1ver s1 y 

H - 27 never showed a r egul ar pattern o f  oestru s . She did 

come int o  heat natu ra l ly from time to t ime , and oestrus cou l d  be 

i nduced during prolonged dioes tru s using pro s taglandins . Three 

1 
S ources : Ini tial referral l e t ters and case records . 

2 
Source : Report to owner ( s ) ,  Reprodu c t ion Uni t ,  Massey Universi ty ,  

June , 1979 . 
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endometria l biopsies showed progressive deterioration , from sub - acute 

toward chron i c  ( with some g l andular fibro si s )  endometriti s .  The 

animal never exhibi ted pyometra,  even fo l lowing service ; howeve r , 

recurrent l ow grade haemo lytic streptococci were i so l ated from 

uterine swabs .  

The mare was thought to have conceived i n  December , 1978;  

however s i x  weeks later she came into oestru s .  She was not  pregnant 

i n  Apri l ,  1979 , despi te having been run wi th the s ta l lion for 

s i x  mon ths . The prognosis  f or successful pregnan cy , based on endo­

met r i a l  det er ioration and c l i nical pat tern , was con s i dered to be 

poor . In accordance wi th the terms of her referral the mare \vas 

des troyed . 

6 . 2 . 1 . 5 .  Behaviour 

H - 27  was an unbroken mare and i n  general she seemed to be 

indi fferent to  human s . Hhen she was f i r s t  put in to a paddock wi th a 

s ta l l ion at Massey , he b i t  and kicked her enough for her to requ i re 

t reatment . Thereaf ter , there were no problems between them un t i l  an 

a t t empt was made to integrate H - 2 7  into the Massey herd of hor ses . At 

that t ime ei ther the s ta l l ion or the other mares savaged her . Fol­

l owing thi s  she was reported to be usual ly sol i tary and on the fringes 

of  the herd whenever observed during the Animal Behaviour . c lasses  ( R .  

Holmes , pers . comm . ) . 

6 . 2 . 1 . 6 .  
3 

P o s t - mortem report 

H- 27 was dest royed on 5 th June , 1979 , when she was j us t  

under eigh t  years  of age . A t  autopsy she was found no t in oestrus 

and not pregnant . Post-mortem findings are given in detail i n  

Appendix IV . 

H - 27 ' s internal genitalia ( Figures VI . l  and VI . 2 ) were 

essential ly normal . The uterus appeared to be sma l l er than no rmal 

( Figure VI . 2 ) ,  but no t unusual ly so  for a mare whi ch was nei ther 

p regnant nor in oestrus at the time of death , and whi ch had never 

had a foa l . The right Fal l opian tube was enlarged ( 5  mm in diameter ) .  

I t  ended " b l indly" at the ovary and no fimbr iae were present . Five 

3 
Sources : Po s t - mo rtem Report number 1 1 851  and Dr . M .  Al ley ,  

Depar tment of Veterinary Patho l ogy , Massey Universi ty . 
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f l u i d  f i l led cysts  ( 5  mm in diameter ) were present ei ther in the 

ovar ian fossa o r paraovari an region . The ovaries were both 5 cm  in 

diame ter . The right ovary con tained several developing fo l l ic les  

( 0 . 5 to  1 cm in  diameter ) .  The lef t  ovary conta ined a corpus luteum 

( 2  cm i n  diameter ) .  

The pos t-mortem f indings included exudative dermati t i s ,  

sub- acu te endometriti s ,  paraovar ian cys t s , subcu taneous oedema and 

moderate alveol ar emphysema . A �Te l l  differentiated papi l loma was 

a l so present on the l eft  third eye l i d . 

6 . 2 . 2 . Cytogene t i c  Mater i a l s  and Methods 

6 . 2 . 2 . 1 .  Cu l tured cel l s  

The procedures used i n  cul turing c el l s  for chromo some 

p reparations are desc ribed i n  Appendix VI . Due to a temporary 

shor tage of f etal bovi ne serum , three f l asks of the Skin I cu l tu re 

were in i t iated wi th growth medi a  suppl emented wi th homo logous serum . 

No d i s tinction was made between these two treatmen t s  in the analy s i s  

o f  the chromo some preparat i ons . 

The chromosome preparations ana lysed from Skin I ,  II and 

I l l , and u terus c e l l  cul tures were from plasma c lo t  cu l tures . C e l l s  

from bo th t rypsin diges t ion and plasma c l o t  techn i ques were ana lysed 

f rom kidney , spl een and musc l e  cul tures . Total elap sed time in 

c u l ture for t he epi the l ial - l ike  cel l s  from uterus c e l l  cu l tures 

was s i x  to ni ne \veeks . A l l  o ther cel l s  had less  than four \veeks in 

c u l ture before they were harves ted . 

Po lyploid cel l s  were not recorded unl ess they could be 

karyotyped . To estimate act ua l rates of po lyp l oidy , the fi r s t  l OO  

c e l l s  from s l ides from skin I ,  skin Ill and mu s c l e  c el l cul tur es 

wer e  c lassifi ed ,  by appearance , as l e s s  than di p l o i d ,  approximately 

d i p l oid  and po lyploi d .  Exac t chromosome counts were no t attempt ed 

exc ept to verify the accuracy of c la s s if i cation , so that metaphases 

o f  poor qua li ty cou ld be inc luded in the e s timation of overal l 

rates  o f  po lyploidy .  

Cel l cul ture techn i ques used for lymphocy te transformation 

t e s t s  are given in sec tion 6 . 2 . 2 . 3 .  and Appendix VI . 

1 5 5  



6 . 2 . 2 . 2 . Sex- chroma t in inve s t igat ions 

The procedures used for sex�chromatin studies of the 

c erebel lum and spinal cord of H- 27 are described in Appendix VI . 

6 . 2 . 2 . 3 .  1ymphocyte tran sforma t ion test 

The sys tem of Ramada s s  ( 1980) was used to micro-cul ture 

lymphocytes and measure the rate of t ransformation , as is described 

in Appendix VI . The micro - cu l ture plate was set up in a modif i ed 

Roman S quare , u t i l i zing a ser i e s  of phytohaemagglutinin (PHA ) concen­

tration s  and incorporated three rep l icates for each c oncentratio n .  A 

fac s imi l e  of the cul ture p l at e  showing the experimental design i s  

given below ( Fi gure VI.j) . Columns 4 ,  8 ,  and 1 2  \vere contro l s  cqn­

s i st ing o f  medi a  and lymphocyte s  wi thout mi togen to give background 

l evel s of radiation . PHA concentrat ions are given in pg ,  ( G )  = 

c ontro l horse , S = serum, 1 = lymphocyte s .  

( H - 27 )1 
( H - 27 ) S  

( H - 27 ) 1  
( H - 27 ) S  

( H - 27 ) 1  
( G )S 

( H - 27 )1 
( G ) S  
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6 . 3 .  Resu l t s  

6 . 3 . 1 .  Resu l t s  o f  Cytogeneti c  Investigat ions 

A total of 550 metaphases from cul tured cel l s  from H- 27 were 

evaluated (Tabl e  6- 1 ) .  Of these 334 ( 60 . 7% )  had a normal diploid 

differenti a l  count of 64/ 28 non- acrocentri c  chromosome s . There was 

no sugges tion that H- 27 was mosaic/chimaeric for either a 63 , XO or  

an hyperdiploid cel l l ine.  There was ; however , the suggestion of 

mi t o t ic in stabi l i ty in-vi tr o ,  and the possi b l i ty o f  a po lyploid l ine 

in - v i vo . 

I n  addi tion 5 66 neurons from H- 27 ' s  central nervou s system 

wer e  eva luat ed for sex- chromat in . Some cel l s  were found with two 

sex- chroma t in bodies , indicating the presence of cel l s  with two 

inac tive X- chromo some s  ( Figure VI . 3a ) .  

6 . 3 . 1 . 1 .  Cul tured cel l s  

The resul t s  of cyt ogenetic analysis o f  chromosome prep­

arat ions f rom H - 27 ' s  cul t ured cel l s  are given in Tab l e  6- 1 .  Lymphocyte  

cul tures cons i s tent ly fai l ed t o  yield  suffi c i ent metaphases for cyto­

gen e t i c  analysi s ,  and the ones obtained were of re latively pocr. 

qua l i ty .  The resu lt s  shown for . leucocyte cultures were the combined 

resu l t s  f rom seven cul tures , out of approximately f ourteen attemp t s , 

over an 1 8  month period . 

Of the 550 metaphases evaluated from H- 27 ,  60 ( 10 . 9% )  had 

63  chromo some s .  However , only 1 3  ( 2 . 4% )  of these had differential  

coun t s  of  63 / 27 non- acrocentrics  and on ly one of those  ( Figure VI . 4 )  

was 63 , XO .  Therefore , there was no suggestion of a 63 , XO cel l  l ine . 

Twenty- four met aphases ( 4 . 4% )  had counts of more  than or equal t o  65 

chromosomes . There did not seem to be a pat tern to these ce l l s  

( Ta b l e  6 - 2 )  and a specif ic hyperdiploid mo saic/ chimaer ic cel l l ine 

was not thought to have been demons trated . 

Fi f ty- nine ( 10 . 7% )  of the cel l s  evaluated were po lyp loid . 

That f igure underestimated the amount of po lypl oidy since po lypl oid 

metaphases  se ldom had good enough mor pho logy to  warrant recording . 

However , al l cel l  cul tures , especial ly tho s e  init iated from skin 

b i o p s ie s , seemed to  have an excess of hyperdiploid and hyperploid 

c e l l s .  The estimate of t rue  hyperploidy in Skin Ill  and Musc l e  
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Tab l e  6 - la 

The di s tribu t ions o f  chromosome counts from H - 27 ' s  
cu l tured c e l l s .  

DISTRIBUTION OF GROSS COUNTS 
TOTAL 

TISSUE 
CELLS 

� 6 2  63 64 65 > 65 Po lyploid 
--

Leucocyte 5 5 29 1 4 1  

Skin I 1 1  1 0  30 5 1 7  7 3  

Skin II 1 2  6 47 3 3 1 2  8 3  

Skin Ill 1 1  1 5  67 2 1 9 105 

Kidney 13 9 45 1 5 73  

S p l een 6 6 45 1 3 2 63  

Musc l e  9 6 58 2 2 77  

Uterus 5 3 13  2 1 2  3 5  

To tal 7 2  60 3 3 4  7 1 7  59 550 

( % )  ( 13 . 1 )  ( 10 . 9 )  ( 60 .  7 )  ( 1 .  3 )  ( 3 . 1 )  ( 10 . 7 )  

Tab l e  6 - lb 

The distribu tions o f  differential chromo some counts from 
H - 27 ' s cu l tu red ce l l s .  

DISTRIBUTION OF DIFFERENTIAL COUNTS 
TISSUE TOTAL 

� 62 6 3  6 4  65 � Po ly- CELLS  

( - ) ( 28 ) ( 27 )*  ( 28 ) ( - ) (* ) ( * ) p laid 
-- --- -- --

Leucocyte 5 5 29 1 4 1  

Skin I 1 1  9 1 30 5 1 7  73  

S kin II 1 2  4 2 47 3 3 1 2  83 

Skin Ill 1 1  1 2  3 67 2 1 9 105 

Kidney 13 5 4 45 1 5 73  

S p l een 6 3 3 45 1 3 2 63 

Mu s c le 9 6 58 2 2 77  

Uteru s  5 3 13 2 1 2  35  
--

Total 72 47 1 3  3 34 7 1 7  59 550 
( % )  ( 1 3 . 1 ) ( 8 . 5 ) ( 2 . 4 ) ( 60 . 7 ) (  0 ) ( 1 . 3 ) ( .3 . 1 )  ( 10 . 7 )  

* See Tab l e  6 - 2 .  
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TISSUES 

Skin I 

Skin II 

Skin Ill 

Kidney 

S p l een 

Mu scle  

Uteru s 

Total 

( % )  

Tab l e  6 - 2  

Summary o f  recorded abnormal differential  chromo some counts  from cul tured cel l s  from H- 2 7 .  

CHROMOSOME COUNTS 

� 6 2  6 3  65 66  6 7  6 8  6 9  73  7 7  86 9 2  9 6  98 Po lyploid 
TOTAL 

----- -- -- � - -- --- -· -- -- - CELLS 
( -· ) ( 28 ) ( 27f0{ ) ( 27,XO ) ( 28 ) ( 29 ) ( 28 ) ( 30 ) ( 27 )  ( 29 ) ( 27 ) ( 3 1 ) ( 29 ) ( 3 1 ) ( 3 2 ) ( 34 ) ( 3 7 ) ( 38 ) ( 43 )  ( 4N ) ( 8N )  

1 1  9 1 

1 2  4 2 

1 1  1 2  3 

13  5 4 

6 3 2 1 

9 6 

5 3 

67 42  1 2  1 

(3 2..8 X.2U6 ) ( 5 . 9 )  (0. 5 )  

' Broken ' di ploids 
or po lyploids 

59 . 8% 

3 1 1 1 7  

2 1 1 1 1 1 2  

1 1 1 8 1 

1 4 1 

1 1 1 1 2 

1 1 2 

1 1 1 2  

4 2 2 3 1 1 1 2 1 1 1 1 1 1 1 5 7  2 

( 2 )  <. 9 8  )(.98 "X l . 5 ) ( . 5 ) ( . 5 ) ( . 5 ) C. 9 8 X . 5 ) ( . 5 ) ( . 5 ) ( . 5 ) ( . 5 ) ( . 5 ) ( . 5 )  ( 2 7:9 X. 9 8 )  

Hyperdipl oid cel l s  Parts  o f  po lyploid cel l s  and polyp loids 

5 . 9% 3 4 . 3% 

43 

36 

38 

28 

18  

19 

22  

204 

Note : Al l cel l s  wi th 64 chromosomes had 28 non- acrocentric  ones . 
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Figure VI . 6  
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One of the subsequent metaphases wi th 66 chromosomes ,  

sugges ting that H - 27 ' s cel l s  were mi to tical ly 

uns table in-vi tro ( approx . X 5 , 000 ) . 
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an exampl e  of chromosome loss  during s l i de prep­

aration .  Al ternatively , what appears to be two 

l arge acrocentrics  ( ar row ) may actua l l y  be an 

abnormal arrangement involving up to four 

chromosomes . ( Approx . X 5 , 000 . )  
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Figure VI . 8  An exampl e  of an abnormal chromosome arrangement 

seen in two of H- 27 1 s cul tured ce l l s  (X 4 , 250 ) .  

These arrangemen t s  were di scus sed in Chapter Ill . 
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Figure VI . 9  An example of endoreduplication in H- 27 1 s 

cultured cel l s  ( X  9 , 500 ) .  Signs of 

endoredupl ication were comparative ly 

COl!UllOn , 
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cel l  cul tures  was 33% and in Skin I culture 25% . When broken cel l s  
were included , that i s  cel l s  which could  be either part of polypl oids 
or part of diploid cel l s ,  a 1 : 1  ratio was estimated between diploid  
and broken cel l s  in  a l l  three test samples . This indicated either a 
consistently high rate of polyploidy or a high rate of technical arti­
fa�t leading specifical ly t o  broken cel l s .  

The high proportion of polypl oid cel l s  estimated to  be 
present in the cell  cul tures , as wel l  as the proportion recorded , 
suggested either that perhaps H- 27 1 s  cel l s  were particu larly sensitive 
to  in-vitro conditions influencing towards mitotic instabi lity ,  or 
that a hyperp loid mosaic/chimaerism exi sted in-vivo . 

6 . 3 . 1 . 2 . Sex- chromatin investigation s  

Sex chromatin was examined f rom sections of the cervical 
( segments upper and middle ) ,  thoracic , lumbar and sacral regions of 
the spinal cord and from the cerebel lum. Table 6-3 provides the 
numbers and distribution of sex- chromatin bodies found . 

B lue ( 1976 ) observed no neurons wi th two sex- chromatin bodies 
during his s tudy of sex- chromatin in  a normal mare . However , 1 . 6% of 
the neurons examined from H- 27 contained two sex- chromatin bodies .  Thi s 
might have indicated neuronal mosaic/chimaerism for cel l s containing 
three X- chromosomes , cel l s  with two inactive X- chromosomes , or the 
presence of polyploid neurons (Barr , 1966 ; Buhler ,  1977 ) .  However , 
there was no sugges tion from H- 27 1 s  cultured cel ls that she had a 
triple-X type ( i . e . , XXX, XXXY , XXXYY ) cel l  line. Furthermore , i t  i s  
extremely unl ikely that a 64 ,XX cel l  with two inactive X- chromosomes , 
in effect a nul l- O  cel l ,  could  be viable even in the ·central nervous 
system .  Therefore,  the most probable  explanation for the neurons 
which displayed two sex- chromatin bodies , was that H- 27 contained 
neurons with either 3N or 4N chromosomes.  

The average incidence of neurons with one or more sex­
chromatin bodies was 64. 5% . Thi s  was less than the average of 69% 
reported by Blue ( 1976 ) for a normal 64 ,XX mare.  The difference was 
a lmost  total ly due to an excess ( difference of 1 6 . 3% )  of sacral 
region neurons without sex- chromatin bodies . However , 13 . 3% of the 
sex-chromatin bodi es in the sacral region of B lue ' s  ( 1976 ) normal 
mare were located on the nucl ear membrane , whereas none were in H- 27 .  
Thi s  suggested that a difference between these animals ,  for example 
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Table 6-3  

The numbers and di stributions of sex- chromatin bodies in the central nervous system of H - 27 .  

NUMBER OF SEX TOTAL POSITIONS OF SEX CHROMATIN WITHIN THE NUCLEUS REGION OF CHROMATIN BODIES 
CELLS PER NERVOUS TISSUE 0 1 .  3 One bod;t Two bodies 

REGION P . N .  NUC . 1-P .. N .  2-P . N .  2-NUC . 

Cervi ea  1 3 1  67 2 l OO 62 5 1 0 

Mi d-cerv i cal 37 63 0 1 00 55 8 0 0 0 

Thoraci c 54 1 23 1 78 1 1 4 9 0 1 0 

Lumbar 74 1 23 3 200 1 07 1 6  1 2 0 

Sa e ra 1 95 1 02 3 200 82 20 0 3 0 

Cerebel l urn 2 1  74 5 1 00 . 73 0 5 0 

TOTAL 31 2 552 1 4  878 493 59 2 1 2  0 

( % ) ( 35 . 5 ) ( 62 . 9 )  ( 1 . 6 )  (87 . 1 )  ( 1 0 . 4 ) ( 0 . 35 }  ( 2 .  1 ) (0 )  

P . N .  = peri phera l  to the nucl eol us  
NUC . = nucl eo pl asm 



death trauma , coul d  have biased the comparison . On the basi s of  

these  sex- chromati n  resu l t s , however , the po ssibi l ity of e i ther a 

minor XO l in e  o r  cel l s  with two active X- chromo somes coul d  not be 

di sregarded . 

Analys i s  of the data in Tab l e 6 - 3  was performed p !=;; ne a 

R x C tab l e  for attribute data with more than one degree of  fr eedom 

( Snedecor and Cochran , 1973 ) .  

1 69 

No  significant difference  was found wi thin segments  of 

secti ons from the cervical  region . The X�
for the numbers of sex­

chromatin bodies  present ( cervica l segment s  combined ) was probably 

s i gnificant (P = o.a) ,  XJ.= 3 2 . 3 3 3 , d . f .  = 8 .  Thi rty-nine and 

forty- seven percent of the departure from independence was contributed 

by the sacral r egion and cerebel l um respectively . However , the cyto­

genetic  signi f i cance of thi s resu l t  was obscured by the stati s tical 

neces sity to  consider such a resu l t  nul l  and void . Partitioning the 

componen t s  of the departure from independence ,  the greatest  �ontri ­

bution was from an excess of sacral  neurons w i thout sex- chroma t in 

bodies ( A.L =  8 . 057 ) ,  a shortage o f  c erebel lum neurons wi thout: sex­

chromatin bodies  ( x�= 7 . 33 ) ,  and an excess of cerebel lum neurons 
J. ( X. =  5 . 94 )  wi th two sex- chromatin bodies . 

The XL derived from analy s i s  of the location of the 
L 

sex- chroma t in was highly significan t , P > 0 . 01 6  ( X =  29 . 2449 , d . f .  = 
1 5 ) .  The contribution o f  sacra l  neurons wi th one sex - chromatin body 

in the nuc l eoplasm ( XL= 7 . 49 1 ) ,  c erebel l ar n eurons 'vi th two sex­

chromatin bodies  peripheral to the nuc l eo l u s  ( X� 6 . 600 )  and wi th 

one sex- chromatin body in the nuc l eoplasm ( x�= 6 . 35 6 )  accounted for 

69 . 9% of the departure from independence . 

F igure VI . la and l b  pres ent s exampl es of sex- chromatin 

found in H- 27 ' s neurons . 

6 . 3 . 2 . Lymphocyte P ro l i fe ration Test 

H- 27  showed a di stinc t ly l ower lymphocyte transformation rate , 

which was 0 . 5  to 0 . 33 that of the control hor se .  Since this low 

rate occurred both against her own ( homo l ogou s )  serum and the normal 

horse ' s  ( au to logous ) serum , i t  was her lymphocytes , not serum fac to r s , 

that were defec tive . 

The resu l t s  from the lymphocyte prol iferation trial reported 

are given in Tab l e  6 - 4 .  Three attempts were maQe , of which the one 



r eported was the third . Insuffici ent numbers of lymphocytes  were 

i so lated on the f i r s t  attempt for a compl ete  experiment as des igned . 

On the second attempt , insufficien t  ce l l s · were i so lated f rom H- 27 

for proper control  repl i cates .  However , the l imited resu l t s  f rom 

the first  two t r i a l s  were in accord wi th those of the thi rd ( comp l ete ) 

one.  

(H- 27 )L 
(H- 27 ) S  

(H- 27 )L 
( G ) S  

( G )L 
( G ) S  

( G )L  
( H - 27 )S  

Table 6 - 4  

Thymidine Incorporation o f  Eguine peripheral  b l ood 
lymphocyt e s  cu ltured with PHA for three day s .  

CONTROL PHA STIMULATION INDEX . ± S .E .  
( c . p . m. ) ( c . p . m .  t S . E . ) 

420 9467 + 548 22 . 54 ± 1 . 3 1  

345 1 2585 + 1304 36 . 48 :t 3 . 78 

480 3041 7 :t 1731  63 . 37 ± 1 .  26  

415  3 1492 :t 1958 75 . 88 ± 4 . 7 2 

G = control  horse , L = lymphocytes , S = serum , 
c . p . m .  = coun t s  per minute , and S . E .  = standard erro r . 

For bot h  H - 2 7  and the con trol horse there was a s l igh t l y  

higher s t imul at ion w i th auto logous serum. S pec ies variation does 

occur , but the hor s e  would  seem to be one species in which lymphocyte 

stimu lation by PHA i s  better when assoc iated \vi th autologous serum 

( P .  Ramadas s , p er s .  comm. ) .  

H - 27 present ed a very s light buffy coat compared to o ther 

horses . Thi s was not ed both on the two inconclus ive attempt s  and the 

one repor t ed herein . In the last  tes t  the buffy coats from twe lve 

10 ml heparini zed vacutainers of  b l ood from H- 27 were poo l ed for the 

Fico l separation , \·Jhi l e  only four tubes were used from the cont ro l  

horse . On the Fi col  gradi ent no c lear c loudy interface  was presen t  
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i n  the H- 27 samp l e s , a lthough the control  horse samples  had a s l ight 

one .  The general i zed c loudy area found i n  H - 27 ' s samp l es was extracted 

and subj ected to an additional wash which d i d  yield more th�� suffi ­

c i en t  cel l s .  Quan t i tative compari sons were not pos s i b l e  because one 

t ube of ' norma l ' c el l s  broke during t he s ec ond wash . However , even 

w i t h  the los s of one hal f  of the ' norma l ' c el l s  sufficient numbers 

were obtained for the test . That i s , they were obtained from the 

e qu ivalent of one sixth the amount of who l e  blood as those fro m  H - 27 . 

The foregoing observations in no way ref lec t  upon the test  

i t se l f  since equal numbers of live c e l l s  were used f rom bo th anima l s .  

H owever , i t  may have indi cated a second condition in H- 2 7 ,  namely , 

r e l at ively l ow numbers of ci rcul ating peripheral lymphocytes and/or 

a difference in their  morphology . The spec i es has been stud i ed 

i n sufficien t ly so po lymorphic variations on Fico l gradients are no t 

known ( P . Ramadas s ,  pers . cornm . ) and no b l ood counts  or haemograrns 

were done on H- 27 . 



6 . 4 .  Discus sion 

There were two po tent ial ly significant aspects to H - 27 ' s 

case . Fir st , the exact nature and extent of H- 27 ' s  cytogenetic ab­

norma l i ty was not determined . That i s ,  H- 27 may have been a horse 

which demons trated some of the pos sible l imi tat ions of in-vi tro 

cultur e techniques in the accurate diagnosis  of some mosaic/ chimaeri c 

condi tions . She was confirmed , however ,  by sex- chromatin studies to 

have been mo saic/ chimaeric for cel ls  wi th ei ther more than two X­

chromo somes , po lyp loid nuc lei or abnormal X- inac tivation mosai c i sm .  

Second ly , the case raised questions of pleiotrophy and heterogenei ty 

of defec tive lymphocy te func tion , cytogenetic abnormal i ty and infer ­

t i l ity .  These ques tions sugges ted pathogenet i c  hypo theses of poss i b l e  

importance bo th to the cytogenetics o f  the horse  and the appl ication 

of cytogeneti c s  to c l inical evaluation in horses . 

6 . 4 . 1 .  Cytogenetic Abnormal i ty 

The presence of a few neurons \vi th t\vO sex- chron;.atin bod i es 

indicated that H - 27 had some neurons with two inactive X- chromosome s : 

S ince there had been no evidence , in  any mamma lian species , that c el l s  

wi thout any active sex- chromosomes were viabl e ,  i t  was unlikely that 

these neurons were 64 , XX .  On the other hand , H- 27 ' s cul tured cel l s  

had s everal hyperdi ploid  chromosome configurations . Some or one of 

these might have been present in the embryo and resul ted in neuronal 

mo saic/ chimaerism . Al ternatively , a po lyploid ( 4N )  cel l , of which 

there seemed to be relatively many in cel l cu l tures , wou ld also 

di splay two sex-chromatin bodies ( Barr , 1966 ) . Hyperploidy i s  known 

to be consi stent , in  the mosai c/chimaeri c  condi tion , with both via ­

bi l i ty and normal phenotype ( Chu e t  al . ;  1964 ; Schind ler and Mikamo , 

1 9 70 ; Dunn et al . ,  1970 ;  Ri eck ,  1973 ) . Therefore , i t  was considered 

probable that H- 27 had a mosai c /chimaeric l ine ( or l ines ) as aq 

embryo which ei ther · pers i sted through adu l thood or mosaic l ines 

formed in- vivo due to mi totic  instabi l i ty .  

Al though mi totic  instabi l i ty in-vi tro could effec tively mask 

the presence of l ow l evel mosaic/ chimaerism in- vivo ( Benn , 1 9 77 ) ,  

mitotic instabi l i ty i tself could be considered symptomatic o f  pos s i b l e  

cytogeneti c  abnormal i ties . Ford and Lester ( 1978 )  found signif i cant 
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differences in the proportions of abnormal ( i . e . , polyploid , hypo ­

d i p l o id and hyperdip l oi d )  cel ls  in cul tures between phenotypical ly 

normal humans wi th minor chromosome a l terations and con trol cul ture s . 

In addi tion , i t  has been suggested that some who l e  body chimaeras may 

be pred i sposed to mitotic  instabi l i ty ( Stone et al . ,  1 9 6 4 ;  Fryns e t  

al . ,  1 9 78 ) .  In bo th these si tuations the indi cations were that the 

mi totic  ins tabi l i ty in-vi tro refl ected errors that occurred in-vivo . 

The l arge amount of cytogenet
.
i c  information from cancer research a l so 

supported the rel i abi l i ty of in-vi tro simulation of in- vivo si tuations 

and has demons trated that cel l s  wi th very abnorma l karyo types can 

exi s t  and mu l tiply in -vivo . 

H - 27 ' s seeming mi totic ins tabi l i ty i tself  may have been 

either a mani fes tation of a cytogenetic abnorma l i ty or have been a 

manifestation of a patho logi cal condi tion .  On the othe r hand , a 

combinat ion of thes e fac tors might have occurred in H - 27 .  

6 . 4 . 2 .  Some Impl ications of the Fai lure of Lymphocyte Cul tures . 

H - 27 ' s lymphocytes cons i stently fai led to grow in cul ture . 

Arai e t  al . ( 1 977 ) proposed that the presence of cer tain serum pro ­

teins  ( albumin -bound fatty acids ) was required for transformation o f  

T - lymphocytes into dividing cel l s . A serum pro tein ana lysi s ,  per ­

formed by the Department of Veterinary Cl ini ca l Patho logy , sho\ved 

that H - 27 '  s serum proteins were within normal l imi t s . In vie\v of 

t hi s , a depressed lymphocyte proliferation response \vas implied . 

Depressed lymphocyte prol iferative response to PHA has been 

found in human pati ents wi th a variety of primary immune deficienc i es, 

auto- immune diseases , virus infections , malnutrition , lymphomas and 

o ther ma lignancies , as wel l  as in conjunc tion with many forms of 

therapy (Herberman , 1978 ) .  In addi tion , the i n-vi t ro mi tot ic res­

pons e  had been shown to have an approximate correlation with the 

in-vivo si tua tion and could be used to assess cel lu lar immune 

c ompetence ( Hudson and Hay , 1976 ; Herberman , 1 978 ) .  

The bas i s of lymphocyte cu l ture i s  that in the presence of 

phy tohaemagg lutinin (PHA) , T- lymphocytes transform into blast 

( dividing )  cel ls . Thi s  can be referred to as  lymphocyte transform­

ation , blastogenesi s ,  mi togenesi s ,  prol iferation or s timulation 

( Herberman , 1978 ) .  A depressed lymphocyte proliferative response 

ref l ects  ei ther a quanti tative depression in reac tive cel ls  o r  an 
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intrinsic  defect in the function of T- cel l s  ( Hudson and Hay , 197 6 ;  

Herberman , 1978 ) .  

The difficul ty encountered in isolating sufficient cel l s  for 

the transformation tests from H - 27 ' s  b l ood rai sed the pos sibi l i ty 

that she may have had fewer T- c e l l s  c irculating than ei ther a normal 

mare or s tal l ion. Thi s i s  one component of  the l ethal severe combined 

immunodeficiency syndrome of foal s ( Poppie and McGuire , 1977 ) ,  so the 

exi s tenc e  of horses wi th decreased numbers of T - lymphocytes might be 

expected . The T- ce l l s  present in H - 27 ,  however , were shown to have 

been defec tive . 

. T- lymphocytes are primari ly responsible for cel l -mediated 

immun i ty ,  al though they are bel ieved also to be invo lved in mos t  

immune responses (Herbert , 1970 ; Herberman , 1 9 78 ) .  Cel l -mediated 

immuni ty i s  importan t  in the resistance to and recovery from viral , 

fungal and intra- cel lular bacterial infections . It i s  a l so importan t  

i n  tumour immunity and the rej ection of  aberrant tissue cel l s , resi s ­

tance to larger parasites , delayed hypersensi tivity reactions , and 

auto- immune di sease ( Herbert , 1970 ;  Schal m  et a l . ,  1 9 75 ; Herberman , 

1 9 78 ) .  More than one maj or defect of l eucocyte function in humans 

can l ead to c linica l  syndromes . Not infrequently two or more signs 

of defec tive lymphocyte function are found in  the same patient ( Ryan 

and Ma.jno , 1977 ) .  Some exampl es of defec tive lymphocyte function .. . 

ar� neutropenia,  a s  in leukemias and cyc l i c  neu tropenia associated 

with the development of skin infec tions ; diso rders of migration and 

c hemo taxi s ,  as in intrinsic c el lu lar dysfunc tions such as diabetes 

_nielli  tus and " lazy l eucocyte syndrome" ;  and di sorder s of phagocytosi s 

and microbicial mechani sms ( Ryan and Maj no , 1977 ) .  

H- 27 ' s  c l inical picture , inc luding a hi story of pyometra with 

which neutropenia i s  occasional ly associated in mares <Hughes et al . ,  

1979 ) ,  and the pos t - mortem findings did not provide evidence to 

d i sprove the hypothesi s  that defec tive T - c e l l  function both exi s ted 

in H- 27 and inf luenced her phenotype . 

6 . 4 . 3 .  Pos sible Impl ications of Mi totic Instabi lity in Cel l  Cultures 

Al l H- 27 ' s  cel l cultures seemed to have a high number of 

hyperploid and hyperdi ploid cel l s .  Hyperploidy and hyperdiploidy in 

cel l cul tures are associated wi th mi totic  instabi l i ty in-vitro . 
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Al l H- 27 ' s  plasma clot cul tur es were set \vi th homo logou s  

plasma . Moreover , some of  the first skin cul tures to grow out from 

the explants were s tarted with growth media ·suppl emented wi th non- heat 

inactivated serum . Therefore , the possibi l i ty of an auto- immune type 

reaction on the rate of hyperploidy in H- 27 ' s  c e l l cul tures cou l d  not 

be exc luded . A signi fi can t increase in both hyperploid and endo ­

reduplicated mi toses in- vi tro was found by Fia lkow ( 1966 ) in al l ogenic 

c e l l cu l ture systems , and chimaeric  tetrapl oid  cells  ari sing from ce l l  

fu sion fol lowing reciprocal cross sensitization has been reported 

( F i a 1 kow , 19  6 6 )  . 

Endoreduplication (Figu re VI . 9 )  has been proposed as invo lved 

in the etio logy of some hyperploidy (Aspi l laga et al . ,  1964 ) .  I t  i s  

occasiona l ly seen in human cel l cu l tures ( Schwaracher and Schne l l ,  

1 9 65 ) and i s  commonly found in some patho logical condi tions ( Freedman 

et al . ,  1964 ; Lancet , 1 9 64 ) . The mechani sms causing the phenomena of  

endoredupli cation are  not known but are bel i eved to involve fai l ures 

of  cel lular s tructures o r  organel les (Hous to� 1 9 64 ;  Kusyk and Hsu , 

1 9 79 ) .  

On the other hand , wi th the exception of Fryns et al . ! s  ( 19 78 ) . 

case , whose cel l s  also showed an unusal degree of instabi l i ty in 

cu l ture , the only evidence for somatic cel l r ecombinate "chimaeri c "  

l i nes arising in- vivo comes from Haemopoi etic chimaeras ( Stone e t  a l . ,  

1 964;  1968 ) .  In-vi tro " chimaeric" cel l c u l tu res have been used to 

demons trate aspects  of cytogenetic instabi l i ty ,  including somatic c e l l  

r ecombination via po lyp loid stages ( Sprauge and Martin , 1969 ) .  On the 

ba� i s  of current cytogene tic knowl edge , therefore,  i t  might be said 

that ei ther the "chimaeri c" condition predi sposes to mi totic ins tabi l ­

i ty or mi totic ins tabi l i ty predi sposes to mo saic/chimaerism. 

I t  was no t possible  to say that H - 27 ' s  probabl e  immune system 

d efec t was direct ly related to her cytogenetic anomal ies or .the 

r everse . However , since possible  manifestations of defec tive l euco­

cyte function , i . e . , l eukemias , diabetic cond i tions , auto - immune 

s tates , have been frequently associated in humans wi th chromosome 

abnorma lities , a relationship between H- 27 ' s immune s tatus and her 

cytogenetic presentation was a pos s ibi l i ty .  



6 . 4 . 4 .  Infer ti l ity 

H- 27 was an infertil e mare . She had at l east two potenti a l  

components  t o  her inferti l i ty . She was anatomica l ly sub- ferti l e  and 

there may have been a physiologi cal incapacity to reproduce related 

to her cytogenetic picture . 

Since H- 27 ' s right Fal lopian tube ended blindly and lacked 

fimbr iae� H- 27 was structurally steri l e  wi th regard to any ovulation 

from her right ovary . 

In the mare there is l i tt l e  difference between r ight and l ef t  

ovarian activi ty ( Ar thu r ,  1958 ; Bain and Howey , 1 975 ; Butterfield and 

Matthews , 1979 ) .  H i s to l ogical evidence obtained post-mortem conf i rmed 

that both H- 27 ' s  ovaries had been active . In the absenc e of any evi ­

dence to the contrary i t  must be assumed that one of the reasons for 

H- 2 7 ' s fai lure to conceive was thi s anatomi cal defect . 

Infert i l i ty in a mare with an anatomical defec t reducing her 

po tentia l fertility does not nec essari ly imply there was a physio ­

logical abnorma l i ty as wel l .  Any reduction in a mare ' s  reproductive 

potentia l may of i tself  give the appearance of i nferti lity under the 

res tri cted breeding practices of Thoroughbred management .  Recurrent 

endometriti s and consequent endometrial deterioration fu rther comp l i ­

cated the evaluation o f  H- 27 ' s abi lity to reproduce . 

H- 27 ' s endometri tis  might have been due ei ther to a failure 

of the cel lu lar immune component or the humoral components of the 

equine u terine protec tive mechanisms ( Kenney and Kha leel , 1975 ) .  I n  

ei ther case , however ,  a relationship wi th defec t ive T- ce l l  func tion 

or  numbers could be imp l i ed .  The chronic nature of the endometri ti s ,  

none- the- l es s , indicated H- 27 had a predi sposition to one form of 

infection highly correlated wi th inferti l ity . 

H - 27 also had a potential for development of an auto - immune 

response related inferti l i ty .  Her blind right Fallopian tube mean t 

that the body ' s immune system was exposed to ova from the right ovary . 

Once the general immune system became sensiti zed , an auto- immune 

4 
- - - - - - - - �- - - - - - - - - - - - - - - - - - - - - - - - - -

I t  was interesting that paraovarian cysts , which are not uncommon 
in mares ( Arthu r ,  1 958 ; Smi th et al . ,  1972 ) , were present in H - 27 
only on the side where a ( probably embryo logi c ) mal - development 
of the mesonephric  sys tem had occurred . 
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r e sponse could have been triggered agains t  ova f rom the left ovary 

wi thin the (normal ly tol erant ) reproductive tract .  Even a minor 

auto- immune reaction cou l d  have upset the balance needed for normal 

f erti l i zat ion , c leavage and ovum transport .  

I f  one accepts the probabi lity that H- 27 had an immune 

system dysfunction , one must consider the pos sibi lity that thi s 

cou l d  have lead to formation of abnormal gametes , zygotes and 

embryo s . The antigenic s tate of the ovum in some species i s  thought 

t o  be integral in a l l owing normal fert i l i zation and c leavage (Scott 

and Jones , 1976 ) .  Al tered immune responsiveness and auto- immune 

d i sturbance have been suggested as a cause of abnormal gametogenes i s  

resu l ting in  aneuploidy , po lyploidy , and a high risk o f  spontaneous 

abortion ( Fialkow , 1 96 6 ;  Fechheimer , 1968 ; Cas sidy et al . ,  1978 ) . 

The suggestion that H- 27 may have been in foal at least 

once does not contradic t  the theory of immune sys tem dysfunc tion 

having been invo lved in her inferti l i ty .  A dysfunc tion could be 

c ompatible wi th conception whi le  incompatible  wi th some stage of 

pregnancy . Examp les of such incompat ibi l i ty are by affec ti ng endo­

c rine metabo l i c  pathways , through as sociation wi th di seases which 

c reate a hostile intr a -u terine environment ,  and by affecting the 

d e l i cate immune status r equi red for the continuation of pregnancy 

( Beer and Bi l l ingham , 1 9 76 ) . 

In addition , when there i s  a hi s tory of inferti lity mitotic  

instabi l i ty in-vitro may also suggest the po ssibi li ty of meiotic 

instabi l i ty in-vivo ( Ford and Lester , 1 9 78 ) ,  qui te independently of 

the causes of that instabi l i ty .  Resul t s  from c el l  cu ltures from 

t i s sues of H- 27 cou l d  be considered c ircumstantial but suggestive 

evidence that her cel l s  were predisposed to mi totic , and therefore 

possibly meiotic , errors in-vivo . 

6 . 4 . 5 .  Summary 

H - 27 was both cytogenetical ly abnormal and inferti l e .  I t  

was no t po ssible t o  define the nature of her abnormality other than 

an apparent mitotic ins tabi l i ty in- vi tro and the presenc e in he r 

neurons of some c el l s ei ther wi th extra X - chromosomes or abnormal 

sex-chromosome ac tivi ty . It was thought that H- 27 cou ld have been 

mosai c /chimaeric for a po lypl oid ( 4N )  cel l line .  Whi le such a l ine 
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could  have been present embryo logi cally , as shown by sex- chromatin 

s tudies ,  i t  was thought that H- 27 was primari ly a non- speci fic  

pro l iferative mosai c . That is ,  her cul tured cel l s  reflected an 

in- vivo mi to tic instabi l i ty .  The probable in- vivo (and in-vi tro ) 

ins tabi l i ty may have resu l ted from some other cytogenetic abnormal i ty ,  

such as whol e  body chimaer i sm or a s tructural ly abnorma l chromo some(. s ) ,  

or from some physio l ogical or metabolic disturbance Hhich i tself may 

have arisen from a cytogenetic or genetic abnormality .  

The · information obtained from H - 27 \vas i nsufficient to 

di s tingui sh between the po s sible pleiotrophy and possible l.ttero­

geneity ( Herrman and Opi t z , 1 9 7 7 )  of ei ther . her cytogenetic abnor­

mal i ty or her defective lymphocyte function and her inferti li ty .  
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CHAPTER VII 

GENERAL DISCUSSION 

7 . 1 .  Prevalence of the Mbsaic/Chimaeric  Condi tion in Domes tic 

Horse Breeds . 

The primary hypothes i s  of this s tudy was that individual s  

with abnormal sex chromo some consti tutions , the majori ty o f  which 

are mosaics or chimaeras , comprize a s ignificant propor[ion of some 

� - £ ·  cabal lus breeds , in particular the Thoroughbred . The relative 

ease with which the mosaic / chimaeric individual s  in this Thesis were 

l oc ated was evidence in suppo rt of that hypothesi s .  

The current be l i ef among human cytogeneticists  i s  that mosai ­

c i sm i s  mo re common than simple chromosome abnormalities . If thi s 

were true in domestic horses the prevalence of the XO mare al one 

sugges ted that a large number of mosaic/chimaeric horses would also  

be found in  equine popu l ations . Thi s theory was supported when a 

63 , X0/64 , XX fi l ly was fo�nd during � pilot  cytogenetic survey of 

108 year l ings , on ly 60 of which were fi l l ies  (Walker and Bruere , 

1 9 79 ; Appendix I ) .  

Al though human cytogenetici sts have estab l i shed that sex 

chromosome mosaic/chimaeras can exhibi t a range of phenotypes ,  i t  

has often been phenotype deviation that has alerted them to the 

pos sibi l i ty of mosai c /chimaeri sm in humans .  Horse breeders ,  on the 

o ther hand , usual ly enforce very rigid selec tion against horses that 
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have physi cal anomal ies . Despite thi s , mosai c /chimaeric examples 

of a l l  the major  sex chromosome aneuploid condi tions infrequently 

found in humans ,  XO , XXY , XYY and XXX , were found during cytogenetic 

analysis of l ess  than 200 Thoroughbreds , The mosaic/chimaeras 

in this Thesis  were from a concentrated , highly sel ected , 

popu lation of 1 1approximately 25 , 000 horses1 1
1

, implying that the 

mo sai c /chimaeri c condi tion occurs frequently in  the Thoroughbred . 

Therefore , i t  was highly probabl e  that the horses in this study 

were found because the mo saic/chimaeric condi tion i s  noL unusual in 

the Thoroughbred . 

H-47 ( Chapter V )  might have been considered an exception since 

she was examined for cytogenetic anomal ies because of certain con ­

geni tal defects . In this , her case resembles other reported cases 

of horses that had both phenotype deviations and an abnormal karyo ­

typ e .  However , i t  was only the combination of an excellent pedigree , 

an ethical owner/breeder devoted to hi s ho rses and the intervention 

of an enthusiastic veterinarian , Hhich saved H - 47 ' s life and began 

the sequence of events that indi rec tly l ed to her cytogeneti c  

analysi s .  She may have been ei ther a rare case or an example of a 

mare that i s  seldom brought to the attention of researchers . 

Of the remaining four cases in  thi s s tudy none were , as far 

as was known , particular ly unusual for the breed . Full  grown s tal l ions 

and geldings of H - l l ' s  s i ze ( Chapter Ill ) r epres ent one extreme of the 

normal height distribution .of the Thoroughbred. What distinguished 

H - 1 1  was that hi s development toward that extreme was quest ioned by 

an educated owner and experi enced veterinary surgeon.  More research 

on foetal and neonate equine growth parameters mus t  be done , and more 

information gathered on growth rates in horses wi th abnormal karyo ­

types , before i t  can be said that H- l l ' s pattern of growth was unu s ­

ual . S imi larly , H- 46 ' s  proposed mascu l i ne traits (Chapter V )  may 

not have been unu sual i n  a working , rac ing mare . There may even be 

a tendency for trainers to seek and deve lop such characteri stic s .  

1 
No accurate survey of the Equine popu lat i on of New Zealand exi s t s . 
Registered Thoroughbreds at any given time do not include ei ther 
foals  and yearl ings or Thoroughbreds on Pony and Hunt Regis ters . 
There i s  no informa tion avai lable  on Thoroughbreds or animals of 
some Thoroughbred breeding which are no t regis tered CH.  Pearce , 
pers . comm .  ) . 
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H - 5 2  (Chapter IV ) ,  l ike the maj ori ty of animal s reported i n  

equine cytogenetic li tera ture ,  was di scovered to be cytogenetical ly 

abnormal during investigation of her inferti l i ty .  Because o£ her 

sma l l  ovari es she had been. suspec ted to be an XO mare . However , 

nei ther inferti l i ty ,  sma l l ovaries nor the XO condi tion wou ld seem 

to be very unusual in the domestic horse ( Blue , 1976 ; Blue et al . ,  

1 9 78 ; Bru�re et al . ,  1 9 78 ; Trommer shausen- Smi th et al . ,  1979 ) .  H- 5 2  

was one of the few such animals  investigated cytogenetical ly so that 

her real chromosome cons ti tution was defined . H - 27 (Chapter VI ) was 

also inferti l e .  However , it was the pos sibly atypical failure of 

her lymphocytes to grow in c ul ture which suggested she might be 

cytogenetical ly abnorma l , rather than her ( at that time believed to 

be a acquired ) inferti l ity , which led to an intensive cytogenetic 

investigation. I t  i s  not known hmv unusua l such a lymphocyte response 

is in horses . However , H - 27 ' s  c l inical condition , endometriti s ,  i s  

no t uncommon in mares ( Kennedy et al . ,  1 978 ) and i t  may have been 

related to her cytogenetic anomalies . 

7 . 2 . Possibl e  Predi spo s i ng Fac tors to the Mosaic/Chimaeric Condi t ion 

and the Horses in this Study .  

No overal l pattern was found to suggest factors \vhich might 

have predisposed to the formation of the mosaic / chimaeric horses 

pres ented in this Thes i s .  However , ques tions were rai sed whi ch 

suggested areas where further s tudy may be worthwhi l e .  

7 . 2 . 1 .  Parental Age Effect 

Trommershausen - Smi th et al . ( 1979 ) reported no parental age 

effect in their XO ( and pres�mably XO mosaic ) ca�es , which had a l s o  

been the experience of the Cytogenetics U�i t a t  �ssey University 

( Bruere,  per s .  comm . ) .  Thi s \vas in pos sible contrast to human cyto­

genetic theories (Emery , 1 9 76 ; Warburton et al . ,  1980 ) .. However , the 

domestic horse , in par t i cu l ar the �horoughbred , has a foreshortened 

reproductive life  ( Hu tton and Meachem, 1968 ; Bain,  1969 ; Laing and 

Leech , 1975 ) ,  which i s  subj ect to artifica� selec tion pres sures 

unrelated to reproduct ive performance .  
I 

The mean �d range of parental ages at conception for the 

mo saic /chimaeric animal s  in this Thesi s and XO mares for which ped i -
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gree information was avai l able are given in Tab l e  7- 1 .  The differences 

in  paren tal ages were no t significant . The sl igh tly higher age di stri­

bution of  the parents of XO mares towards the upper end of the Thorough­

bred reproduc tive span may be non- bio logical . Fi l l i es bred from horses 

which have raced were probably more likely to be as sessed cytogenet­

i ca l ly ,  and the maj ority of such s ta l l ions and mares do not begin stud 

duties  unt i l  about the age of eight years . 

Tabl e 7 - 1 .  

Comparison of the ages at conception of parents of 
XO mares and the mosaic/chimaeras in this s tudy . 

AGE AT CONCEPTION 

Mean Range 

SIRES 

Mosaic / chimaeras ( n  = 6 )  6 . 1 7 4 9 

xo mares (n = 9 )  8 . 1 1  4 - 1 2  

D�S 

Mosaic / chimaeras ( n  = 4 )  6 . 75 5 10 

XO mares (n = 10)  9 . 4 5 - 14 

n = number of anima l s  

Unti l demographic data is availab l e  on ho rse populetions 

as a whole and chromosomal ly abnormal animals wi thin these populations , 

t he question of a bio logical s ignificance in parental age on the fre­

quency of chromosome abnorma l i ties in mares and stal l ions cannot be 

answered . 

7 . 2 . 2 . Bi r th Order and Dam ' s Obstetric History 

The sample was too smal l  for there to have been any signifi ­

c ance to the order of birth of the mosaic/ chimaeras in thi s  study ; 
of the five mosaic/chimaeras studi ed , only H- 27  was the fir s t  known 

concep tion of the dam. By compari son , t�o out of the ten dam ' s  for 

which information was avai lable  had had an XO fi l ly as the mare ' s 

first  known conception. 



None of the darns of the mo saic / chimaeras had an unusual 

obstetric history as far as cou ld be di scovered . Al l had rather 

better than average ferti l i ty ,  wi th the possible except ion of H - l l ' s  

dam , for which ful l  inform� tion was no t avai lable .  None of the dams 

were avai lable for cytogenetic analysis . 

7 . 2 . 3 .  Possi b l e  Inf luences o f  Metabo l i sm and Physiology 

Al though much research has been done on  the uniqueness of the 

reproductive cyc le of the mar e ,  no information was avai l abl e on how 

aspec ts of thi s uniquenes s may affect gametogenesi s .  Investi �ators 

have not agreed on the oocyte maturation s tage \·Jhen ovulati  ,-.n occurs 

in mares  (Hami l ton and Day , 1 9 45 ; Roberts , 1971 ; Webel et al . ,  1977 ; 

Barone , 1 9 79 ) . I t  i s  pos s i b l e  that the hormonal condi tion in mares 

may influence oocyte maturation . The maturational s tage of the oocyte 

at ovu lation i s  one factor that can l ead to dispermy and /or aberrant 

c l eavage , which has been assoc i ated wi th the etio logy of the mosai c /  

chimaeric condi tion . 

In general the influenc e of metabolism and physiology on 

karyotype abnormalities , and the rever se , have not been studied in 

the horse .  I n  humans significant correlation has been noted between 

the occurrence of specific diabetic condi tions in patients wi th 

sex-chromatin positive Klinefe l ter ' s  syndrome and monosomy-X and their 

fami lies  (Niel sen et al . ,  1 9 69 ; Hsueh et al . ,  1979 ) .  Barnes et al . , 

( 19 79 )  suggested that pregnancy i tself  cou ld create a diabeti c  con­

di tion i n  some mares . The two XX/XXY mares in this study were both 

pos t  partem conceptions . Sinc e such conceptions are said to be at 

high ri sk of embryonic los s ( DuP lessi s ,  1964 ; Merke , 1967 ; Dawson , 

1 9 77 )  and s i nce embryoni c los s is  highly related to chromosome ab­

normal i ties , the possibi l i ty o f  a relationship between a diabetic 

condi tion and the incidence of chromosome anomalies i n  the hor�e 

might deserve inves tigation . 

Irvine and Evans ( 19 75 )  speculated on the incidence of 

c l i nical and sub- c l inical hypo thyroidism in the horse , a species 

which has a very high ±ncidence of thyroi d  di seas e .  The incidence 

of thyroid abnormalities  i s  a l so high in Kl inefel ter men and maternal 

thyroid autoantibodies have been suggested to be invo lved wi th the 

etiology of Down ' s  syndrome and monosomy-X (Fialkow , 1966 , 1970 ;  · 

Engel et a l . , 1969 ; Mchardy- Young et a l . , 1970 ;  Hseuh et al . ,  1979 ) _ .  
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H - 27 1 s  case ( Chapter VI ) reinforced the lack of knowLedge 

of 1 ·norma l 1 as oppo sed to 1 abnorma l • cytogenetic variation in the 

hor s e .  Her apparent mi totic instabi l i ty could  have refl ected an 

abnormal i ty of the immune system .  On the o ther hand , the defect in 

T- cel l function might have resul ted from her cytogeneti� abnorma l i ty . 

Since the immune system i s  intimately invo lved in normal devel opment 

and fer ti l i ty ,  cytogenetic s tudies of s imi lar horses might prove o f  

importance . 

7 . 2 . 4 .  Inbreeding and Relationships between the Mosaic/ Chimaeras 

In agreement wi th Trommer shausen- Smith ( 1979 ) no significance 

\-las found in the degree of inbreeding in the mosaic / chimaeras in thi s 

s tudy . No signifi cant difference was found between inbreeding co­

eff icients of the mosaic /chimaeras and selec ted XO cases . However , 

inbreeding coeffici ents were not avai lable for the Thoroughbred 

po pu lation of New Zealand as a \·:hole and the comparison figures of 

Jones and Bogart ( 19 7 1 ) and Cunningham ( 1975 ) may not have been 

app licab l e .  

Al l the cases i n  thi s Thesis were related (Table 7- 2 ) . Two 

ancestor s were common to al l the mosaic / chimaeras and at least 1 5  

horses appeared in  the pedigrees o f  two o r  more_·of them. Thi s wa:s 

thought to reflect Thoroughbred breeding patterns,  and to have no 

exp l ic i t  significance in the f requency of the mosai c / chimaeric con­

di tion in  Thoroughbreds . 

Tabl e 7- 2 

- 2  Approximate coefficient of relationship ( x 10 ) .  

H- 27 H - 47 H-46 H- 5 2  

H- 1 1* 0 . 49 0 . 54 0 .  78 1 . 61 

H- 5 2  3 .  7 1  1 . 68 1 . 1 7 

H- 46 1 . 95 4 . 59 

H-47 2 . 05 

*Sire pedigree on ly 
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On ly the paterna l pedigree and par t  of the maternal grandsire • s 

pedigree were avai lable for H- 1 1 .  Since H- l l ' s  dam was wel l  bred i t  

was considered l ikely that were a c omplete pedigree avai lable  for H- 1 1  

the relationship between him and the others wou ld have increased . None 

the l es s , the relationship between H- l l  and H - 5 2  was not·· :::.c lowes t of 

the horses  in thi s study and it was between two - thi rds arid ��Jice as 

c lo se as H - l l ' s  relationshi p to the other mares . H-46 and H-47 ,  both 

XX/XXY mos ai c /chimaeras , were the c losest related of the horses in 

thi s study . However , H- 27 was mos t  c losely related to a l l  the mares . 

Thi s  was interesting because H - 27 did not have a clear ly defined 

mosaic/ chimaeric condi tion. The relationships between her and the 

o thers , therefore , could have suggested a po ssible generalized 

inf l uence on the presence of a mos aic/chimaeric condi tion. 

No abnormal ity intrinsic to the X- chromosome was suggested . 

Among the four mares there was only a very slight possibi l i ty of a 

common ances tral X- chromosome and the only pattern tbzt emerged was 

that some bloodlines were heav i ly represented in the population as a 

\vhole . Pedigree analysis did show that H- 5 2 ,  H- 1 1  and H- 46 shared 

a common ances tral Y- chromosome . However , no significance could  be 

attribu ted to thi s in such a smal l samp l e .  There was no evi dence 

from pedigree s tudies to discredi t  the po s sibi lity of an autosomal 

( geneti c )  predisposition to chromosome anomalies . 

I t  was interes ting to note that the two non - intersexual 

XX/XXY mosai c /chimaeras ( Chapter V )  bo th of which were vrobably 

• foal -heat • conceptions,  by dams wi th good reproduc tion 

records , conceived to four year o l d  si res , were also re lative ly 

c losely related primari ly through their si res . 

7 . 2 . 5 .  Genetic P redi sposi tion to Masked Karyotype Change 

In the Thoroughbred i t . i s  probable  that breeding practices 

may l ead to a concent ration of c ertain al l eles . An example of gene 

concentration tending to chimaera formation was reported in the 

Ho l laender strain of mice (Po lani , 1 9 73 ) .  H- l l ' s  case (Chapter Ill ) 

suggested the possibi lity of an inheri ted predi spo s i tion to mito tic 

errors and meiotic errors which were carri ed by viab l e  gamete s .  Thi s 

was the only case where three generations had been investigated cyto­

genetical ly in the horse , therefore the uni quenes s  of this si tuation 

in horses was not known . However ,  H- 1 1  was a mosaic / chimaera , Has 
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unequivocal ly the s i  re of  an XO fi l ly ,  and there ,.;ere suggestions 

of possible  abnorma l i ties  in his sire ,  hal f - brother and another of 

hi s progeny . 

The term " load" is. used by geneti c i s t s  to denote the extent 

to whi ch a popul ation departs from a perfec t constitution . Many 

people  bel i eve that because humans have prac tised rigorous 

selec tion on the domestic hors e ,  i t  can have only a very low ei ther 

genetic or cytogenetic load ( Kieffer , 1975 ) .  However , thi s may not 

be so when we cons ider the po ss ibi l ity in the horse of as yet unde­

tec ted cytogeneti c  and genetic  anomalies that have no vi sual manifes� 

tation , several of which have been di scovered in humans . Even in thi s  

s tudy , H- 1 1 , perhaps hi s sire , and H- 27 could  have been examples o f  

horses that carri ed cytogenetic  and/or genetic loads wi th no immed­

iately obvious adverse effec ts . H- 1 1  was ful ly ferti l e  and H- 27 ' s 

· inferti l i ty \vas , despi te any predi sposi tion to ei ther inferti l i ty o r  

infec tion , attribu tabl e  to the development of endometri ti s . 

I t  was suggested in Chapter Ill tgat the metaphase arrange­

ment s seen in H- l l ' s  sire , half-brother and one offspring ( Figure s 

111 . 8  and 1 11 . 9 )  might represent either intra- chromo some rearrange­

ments  or fragi l i ty of the genome carried by these anima l s . Simi l ar 

f igures were seen in H- 27 ' s c u l tured cel l s  (Figure VI . 8 ) . The same 

chromosomes were not involved in all  these  arrangement s . H - 27 was 

only distantly related to H- 1 1 ,  but on the other hand , her cul tured 

cel l s  displayed a far greater apparent mi totic instabi l ity in-vi tro , 

whi ch was one possible expl anation for the irregular i t ies in H - l l ' s  

relatives and progeny . However , what was discussed in Chapter Ill  

concerning those metaphase chromosome arrangements was applicab l e  to 

H - 27 ,  raising the question as to whether the possibi l i ty of some 

aspect of ei ther the pl eiotrophy or heterogeneity of  cytogenetic 

abnorma l i t ies and H- 27 ' s pheno type (Chapter VI ) might also have 

exi s ted in H- l l ' s  kinship .  

More fine s tructure ana lysis of �. £ ·  caba l lu s  chromosomes 

i s  needed in regard to sub - chromosome po lymorphi sms , which at l east  

in  humans have been sugges ted to pos sibly lower reproduc tive f i tness 

(Jacobs e t  a l . , 1 9 75 ) .  For example,  if ei ther Nearco or Selene , 

through whi ch a great many �horoughbreds ( inc luding a l l  the mosai c /  

chimaeras i n  thi s  s tudy ) are related , had had a s light al teration 

in one chromosome , nei ther i t  nor its immediate descendants woul d  
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have necessarily suffered any selec tive disadvantage . Nei ther a 

s l ight tendency for chromosomal ly unstab l e  offspring nor reduced 

fer tility ,  which could  have increasingly occurred as homozygous 

descendants  entered the population , wou ld necessarily be a disad­

vantage to a Tho roughbred .  Thi s would be espec ially the � �s� in 
2 ma les which are usually gelded . 

In addition there is no reason to suppose that karyotype 

changes in the ho rse have fini shed . 

7 . 3 .  _Mo saic /Chimaeric Individual s and Breed Sub-ferti l i ty 

The secondary hypothesi s of this study was that individual s  

wi th abno rmal sex chromosome c onst i tutions were , as a group ,  pri ­

marily responsibl e  for the sub - ferti l i ty of the population . Whi l e  

no evidence was found during this s tudy t o  cast doubt o n  this theor� 

the inves tigation of only five _mos aic/chimaeric individual s could 

merely rai se certain points of  di scus sion .  

7 . 3 . 1 .  Mosaic/Chimaeri sm and F,er t i l i ty 

The fert i l i ty of a popu lation i s  influenced by both the 

numbers of steri le animals  and the reproduc tive eff iciency rrf the 

f erti l e  members . The domes tic hor se may be particu larly tolerant 

of the mosaic /chimaeric condition , as i t  i s  one of the an imal s under 

heavy selective pressure by human s for po lygenic traits not assoc ­

iated wi th reproduc tion . 

If the theory that human mosaics  might be at ri sk of begetting 

offspring with abnormal chromo some cons ti tutions ( e . g . , Barr et al . ,  

1 9 64 ;  Mori shima and Grumbach ,  1 9 68 ; Dewhur st , 1978 ) i s  correct , one 

cou ld expec t thi s  to be fun�amenta l throughout mammal ian species . 

H- 1 1 ,  an XY/XYY/ ?XO mos ai c / chimaera was of proven ferti l ity . 

Perhaps i t  was not just fortui tous that he sired an XO mare , H-68 . 

Had that XO foal lived she wou ld  have been one more inferti le mare 

lowering the fert i l ity of the breed . However ,  there was also the 

sugges tion that H- l l ' s  sire , hal f - brother and a col t  by him , if not 

2 In the Fami ly system of breeding the blood lin es are carri ed 
through the dams , al though i t  i s  progeny performance (primarily 
of  their ma le offspring) that i s  evaluated . 
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mosai c / chimaeras might have been cytogene tically abnormal .  Thi s  was 

the first time one of the relative ly frequent XO mares was traceabl e  

to a mo sai c / chimaera sire , and the first time a mo�ic / chimaera had 

been found to belong to an. equine f ami ly that may have had a cyto­

genetic anomaly . 

The apparent frequency of XO mares , when considered in the 

light of  human and equine cytogenetic literature ,  suggested that XO 

mosaic i sm wou ld be the most frequent ly found type of mosaic /chimaer­

i sm .  Whi le an XO mo saic cou ld be any extreme from ferti le to steri l� 

a co l lec tion of XO mosai cs wou ld be expec ted to be less ferti l e  than 

ho rses wi th normal  karyo types . Thi s  i s  because the s imple XO form 

in woman has been , wi th rare exception ,  s teri le , in the mare s teri l e  

and i n  the mouse sub-fertile . 

However , as sessment of negative aneuploid mosaicism in 

horses present s problems . Whi l e  even one metaphase wi th an extra 

chromosome can be con sidered suggestive of pos sible mosai c /chimaeri s� 

caution demands more stringent c ri teria be app l ied to metaphases 

lacking a chromosome . Furthermore , the basic cytogenetic work has 

not been done in Eguidae to determine which chromosomes are prefer ­

entia l ly los t through artifact and to determine the rates of  age and 

sex related prol iferative aneu ploidy .  In low- l evel mosai c / chimaeras 

errors are a l so bound to occur when art if icial loss from an hyper­

diploid cel l gives rise to the appearance ,  in unbanded preparations , 

of ei ther a normal 64 , XY or 64 ,XX cell . 

As Chapter VI demonstrated conservatism is necessary in 

diagnos ing any mosaic /chirnaeric condi tion in horses . Conservatism 

can l ead to underdiagno sis of the mosaic/ chimaeric condition . On the 

o ther hand , a number of reports of chromosome anomaLLes in horses 

suffer from lack of mul tiple cultu res , inab i l i ty or fai lure to cul ture 

multiple  tis sues and in some cases very few cel ls evaluated , such that 

the mosaic /chimaeric condition in individual animals  may have been 

overes timated . 

During thi s study one XO mosaic/chimaera yearl i ng fi l ly was 

confi rmed (Walker and Bruere , 1 9 79 ; Appendix I ) .  This was a by- product 

of  a subsidiary pro j ec t  aimed at d etermining the feasibi l i ty of  cyto­

genetic surveys of horse popul atio ns for non-mosaic / chimaeric numerical 

chromosome abnormalities . During the process of estab l ishing th�t the 

fi l ly was an XO mare �  i t  was confirmed as a mosaic/chimaera. · One 
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inferti l e  mare was tentatively diagnosed as an XO mosaic on the 

bas i s  of mul ti pl e  l eucocyte cul tures (Bruere et a l . , . l 978 ; Appendix 

11 ) .  Several other horses were su spec ted of having cytogenetic 

anomal i es inc luding mosaic/chi maerism but were unavai lable  for 

sufficient s tudy .  H- l l ' s  ( Chapter Ill ) XO l ine could not be 

confirmed because banding Has not done on chromosome preparations 

from hi s cul tured cel l s .  

Whether o r  no t XO mosaic /chimaeri sm i s  prevalent in horse 

populations , the tlvo mares wi th XXY mosaic / chimaerism ,  a sta l l ion 

with XYY mosaic/chimaeri sm, and a mare with the complex mixoploidy 

of H- 5 2  which inc luded XXX cel l s  and was p robably based to a diploid 

number of  65 , demons trated that any kind of sex chromosome mosaic/ 

chimaeri sm might be frequent ly found . H- 27 , an inferti l e  mare 

fur ther extended that to sugges t  that pro l i ferative mosaicism, as 

wel l  as perhaps po lyploid mosaic/chimaerism , could a l so be found 

in horses . 

If al l kinds of mosai c / chimaeric sex chromosome combinations 

were to be found in phys ical ly normal horses wi th any regularity in 

the popu lation , the XXY chromosome constitution , which in the simple  

form i s  s teri l e ,  could l ike the XO consti tution be expected to 

decrease the population ' s fer t i l i ty .  However , there was l i t tle 

reason , based on human reports ,  to suspec t the XYY and XXX config­

urations woul d  bias a group ' s  fert i l i ty distribution , unless the 

mo sai c /chimaeric condition itself predisposed to ei ther conceptual 

loss  or  production of s teri le  offspring. 

Of the f ew mosaic/chimaeri c  animal s  examined i n  the li teratur� 

most ,  for example  the two XO/XX mosaics of Hughes et a l . ( l 975 , 1977 ) 

and in  thi s Thesi s H-52  and H- 47 , have shown a possibi l i ty of the 

capaci ty to reproduce . They ei ther had s l i ght oestrous behavior and 

ovari an ac tivi ty or kno'm conception . F�rthermore , of the four mares 

in  thi s  s tudy , only H- 27 was in al l probabi l i ty functiona l ly inferti l e .  

Had hormone therapy been avai l able  H- 5 2  and pos sibly H - 46 ,  like H- 47 ,  

might have at  least conceived . Any of these mares , with the except­

ion of  H- 27 , might have been termed "shy breeders" . 

As more " shy breeders"  are induced through art ifical synch­

ronization of oestru s ,  more mares which may be chromosomal ly abnormal 

· may be served . These mares could be at high ri sk of ei ther conceptual 

loss or  producing offspring wi th abnorma l chromosome constitutions . In 

e i ther even t , the ferti lity of the breed wou ld dec l ine . 
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7 . 4 .  Cytogenetics and the Dome stic Horse 

The cases in this study presented three aspects of the field 

of cytogenetics applied to the dome s ti c  hor se . The first aspec t 

was the identification , investigat ion and defini tion of individuals 

wi th cytogenetic abnormalities . Thi s  i s  fundamental to cytogenetics 

and was invo lved in all  the cases presented . 'Further to thi s ,  in 

Chapter Ill and to a lesser extent Chapter VII , interrelationships 

between cytogenetics and genetics were displayed and d i scussed ; thus 

indicat ing that in the horse , where pe�igree information i s  often 

wel l  documen ted , there i s  considerabl e  scope for addi tional research 

of thi s nature . Finally , in Chapter VI , there was a t entative 

danonstration of the value of medical cytogenetics app l ied to a mare 

with a difficult  c linical probl em.  Thi s was an excur sion into the 

re latively unexplored potential of cytogenetics as a part of compre­

hensive veterinary health investigations . 

I n  summary thi s study has revealed some of the potential the 

cytogenet ic  discipline has i n  deve loping our understanding of both 

inferti l i ty and fert i l i ty in the domestic horse . Clear ly thi s 

potential i s  not restricted to the equine species , but rather could  

be  extended to  include al l dome stic animal s .  
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APPENDIX I 

1 978 PILOT SURVEY 

. 

Introduction 

A pi l ot cytogenetic survey of Thoroughbred yearl ings was done 

in Augu s t , 1978 .  , The aim of the survey was to test the feasibi l i ty 

of large scale studies of thi s kind in the domestic horse . However , 

i t  was hoped that the results  of t he survey would a l so provide 

i nformation on the frequency of hor ses with abnormal chromosome 

counts , in the s impl e  non-mo saic and non- chimaeric condition .  

Materials  an d  Methods 

In August , 1978 , blood samples were obtained from 1 1 2  year l ing� 

49 co l t s  and 63 f i l l ies . The year lings were from e l even properti es 

in the North Island of New Zealand , and were by at l east 43 sta l l ions 

( one property would not provide th� names of  sires ) .  Cytogenetic 

screening was done on 108 of those year lings , 48 colts  and 60 fi l lie� 

For anima l s  801 through 859 at the time the sample was obtained 

the yearl ing ' s  sire , dam , and phenotypic sex (as reported by the 

owner ) was recorded in a master book next to a preprinted number . Thi s  

number was recorded on the bl�od sample tube . For anima ls 860 through 

8 1 13 , the dam' s name and the year ling ' s sex was put on the blood 

sampl e  tube and a separate sheet was provided by the veterinarians 

giving the dam, sire,  yearling ' s  sex and the property where obtained . 

When these samples arrived at the laboratory , the information was 

transferred m the master book and the number was placed on the blood 

sample  tube . 

One tube of heparini zed blood was o btained from each year ling . 

B l ood samples 801 through 844 and 860 through 865 were co llected on 

Augu st 1 9 , 1978 . These were packed in i c e  within 1 5  minutes of  
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co l lection , refrigerated overnight at 4°C and were repacked in i ce 

for transport to the laboratory . Blood samp les 845 through 859 were 

obtained on Augus t  20 , 1978 , and were packed in i ce within 15 minutes 

of co l l ec t ion. Samp l es 866 through 8 1 13 were obtained on the 23rd 

and 24th of August , 1978 . Those obtained on the 23rd ;;�Le refrig­

erated overnight and both lots were packed in ice , in �� · insulated 

container , and were f lown to Palmerston North . 

Cu l tures 801 through 865 were made Augu st 20 , 1 9 78 , and cu l tures 

866 through 8 1 13 on August 24 , 1 9 78 .  The procedures used are described 

in Appendix VI . 

Two culture tubes were set-up from each blood sample . For 

both lots , the two culture tube s�ts were kept separate . Indivi dual 

tubes from each set were randomly divided into groups of ten ( c entri­

fuge capacity ) .  Co l chicine was added to the groups at ten minute 

intervals , and harvesting occurred in the same , staggered , sequence 

three hours l ater . Fixed ce l l s  were refrigerated overnight . One 

s lide was then made from each culture tube and a third s lide from the 

cel l s  of the two cul ture tubes combined . 

A minimum of four cel l s  were counted ini tia l ly .  The crit eria 

was that chromosomes be· countable .  Thi s was later upgraded 

to a minimum of four cel l s  of which one could  either be counted 

differential ly , that is acrocentric s  and non-acrocentrics could be 

i dentified ,  or i t  could have been karyotyped . 

Chromo some counts were recorded against the year ling ' s  number 

in the culture book . Every ten or so animals , the results  were 

c hecked against the mas ter book .  When a di screpancy was noted , a 

request was made to the relevant veterinarian for a second blood 

samp l e .  The veterinarian was not advi sed as t o  the reason for the 

request and at least one other second sample was reques ted from the 

same property . Repeat culture s were performed on sev�n year l ings 

in October , 1978 , and on four yearlings in November , 1978 . 

Resu l t s  
I 

Four cul tures ( 3 . 6% )  fai led to reach the minimum criteria for 

inc lusion in the survey . A 9 6% success rate , however , was considered 

good for a survey of thi s s i z e .  On e  6 4 , XX  fi l ly was transferred from 

the survey , but was inc luded in calculating the success rate . Chromo ­
some counts from the pi lot survey are provided i n  Table A- I - 1 .  
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Table  A-I- 1 

The distributions of chromosome counts  in the 1 9 78 pi lot survey. 

FOAL COUNT D I ST R I BUTION TOTAL FOAL COUNT D I ST R I BUTION TOT.\L 
SEX S EX 

NO. � 6 2  63 64 6 5  >65 p CELLS NO . !; 6 2  63 64 65 >65 p CELLS 
--- -- - - -- -- - -- --- -- - -- -- - --

801 M 5 5 860 M 4 4 

802 M 5 5 86 1 M 4 4 

803 M 4 4 862 M 5 5 

804 F 5 5 863 F 4 1 5 

805 F 4 4 864 F 6 6 

806 F 5 5 865 F 4 1 5 

807 M 4 4 866 F 1 4 5 

808 M 4 4 86 7 F 3 1 4 

809 M 5 5 868 F 6 6 

810 M 5 5 869 F 3 1 4 

811 M 5 5 870 F 4 4 

812 M 4 4 8 7 1  F 5 5 

8 1 3  F 5 1 6 8 7 2  F 1 4 5 

814 F 6 6 8 7 3  F 4 5 

815 F 1 4 5 874 F 4 1 5 

816 F 5 5 8 7 5  F 4 4 

8 1 7  M 5 5 (876 ) ( F) 
818 M 4 1 5 8 7 7  F 1 3 4 

819 M 4 4 ( 8 7 8 )  ( F) 
820 F 4 1 5 879 F 2 3 1 6 

821 F 1 4 5 880 M 4 4 

822 F 1 4 5 881 M 1 3 4 

823 F 4 4 882 M 1 4 5 

824 F 4 4 883 M 4 4 

825 F 2 3 5 884 M 4 4 

826 F 5 5 885 F 1 6 7 

827 F 4 4 ( 8 86 ) ( F) 
828 F 4 4 887 F 4 4 

829 M 4 4 888 F 1 6 7 

830 F 4 4 889 F 5 5 

831 F 5 5 890 F 4 4 

832 M 4 4 891 M 4 4 

833 M 4 4 892 M 4 4 

834 F 4 1 - 5 893 M 1 3 4 

835 M 5 5 894 M 5 5 

836 M 4 4 895 M 4 4 

837 M 1 3 4 (896) (M) 
838 F 1 5 6 897 M 4 4 

839 F 1 5 6 898 M 5 5 

840 M 4 4 899 M 9 9 

841 F 5 5 8100 M 1 4 4 

84 2 F 4 4 8101 M 1 4 5 

843 M 2 4 6 8102 F 1 22 3 2 6 *  

844 M 5 5 8103 F 4 4 

845 F 5 5 8104 F 1 3 4 

846 M 4 4 8105 F 4 4 

847 M 5 1 6 8106 F 4 4 

848 M 4 4 8107 F
"'"-: 

4 4 

849 M 5 5 8108 F 4 4 

850 M 3 1 1  1 4  8109 F 6 6 

8 5 1  M 4 4 8110 M 4 1 5 

852 M 4 4 8111 F 4 4 

853 F 6 6 8112 F 4 4 

854 F 5 5 8113 F 5 5 

856 F 3 5 1 9 - -- -- -- --

85 7 F 4 4 Total 8 46 469 9 0 5 5 3 7  
858 F 2 3 5 

859 Deleted from survey 

p - polyploid cells * These were from the f i rs t  leucocyte 
M • colt cul ture . An add i t i onal 18 cells were / 
F • f il ly evaluated from a secon d  leucocyte 

culture .· 
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One fi l ly ,  H8102 ,  was tentatively diagnosed as 63 , XO .  Addi ­

tional cel l s  were counted which suggested XO/XX mosaic i sm.  A second 

l eucocyte culture confirmed that she was a 63 , X0/64,XX mare . A total 

of 44 cel ls were evaluated .from thi s f i l ly .  Twenty-nine ( 65 . 9% )  had 

63 chr9�osomes , al l of which karyotyped were 63 ,XO. In add i tion , 1 2  
. 

metaphases ( 27 . 3% )  were 64 ,XX .  

Three yearlings had been erroneously recorded , H8042 and H8065 

as female and H8043 as male .  In each case , the report of the yearling ' s  

phenotypic  sex accompanying the second blood sample corresponded to i t s  

cytogenetic sex a s  determined by the f i rst l eucocyte cu lture . 

The cu l tures from seven year l ings rai sed questions as to possible  

cytogenetic abnorma l i ti es , i . e . , mosai c i sm and chimaeri sm. However ,  i t  

was outside the scope of the pro j ec t  t o  investigate these . 

Di scussion 

The pi l ot survey was designed for  the detection of simp l e  

(non-mosaic and non -chimaeric ) numerical  chromosome anoma l i es . A t  the 

time of the survey no large scale cytogenetic survey of the domestic  

horse had been reported , so  it  was based upon ear ly human popu lation 

studies and those where resources have been l imited . 

A relatively unselec ted equine popu lation was desired . However , 

selection had already occurred within the yearlings . The sub j ects  

were 3/4  year old ,  so foals  wi th neonatal and early development prob­

lems had already been el iminated by the breeders and owners . The 

wi l lingness , and converse ly unwi l l ingness , of some breeders and owners 

to cooperate was a factor in selec tion . However·, a range of si ze and 

types of horse management esiabl i shments was inc luded , which might 

have countered any possible bias i n  that regard . Purely temporal 

selection also was encountered . The 19th of August was col d ,  wet and 

windy , and a major sporting event was tel evised that day . 

In add i tion , anxious and exc i t ed animals  were not pursued , out 

of both concern for injury ,  and the belief that exci tment i n  horses 

serious ly j eopardi zes the chance of  successful leucocyte culture 

(Blue , 1976 ) .  The behaviour of some XO mares has been reported to 

be ' difficul t '  ( Blue , 1976 ) .  Increased anxiety is a feature of the 

human XYY genotype and some � men ( Hunter , 1969 , 1 9 77 ; Hook , 1979 ) 

as wel l  as some other peopl e wi th chromosome anomal i e s .  ,Should thi s 
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be the same in domestic animal s ,  unbroken horses with chromosome 

abnormal i ties would  not be readi ly caught in the paddock . 

Had the survey been conducted ear lier in the year the po ssible 

effec ts of both anxi ety on the part of the year lings and the lack of 

foal s  wi th ear ly devel opment abnormal i ties might have been lessened . 

The di scovery of H8102 , an 63 ,X0/64 , XX fi l ly ,  raised the 

possibil ity that chromosomal ly abnormal foa l s  could occur wi th 

exceptional ly high frequency . Thi s  XO mosaic/chimaera was found 

among on ly 108 year lings , 60 fi l li es ,  screened for cytogenetic ab­

normalitie s .  By compari son ei ther 500 infants could have been 

screened before one wi th any sex chromosome anomally was found , or 
/ / 2500 infants before an XO was �ocated (Boue and Boue , 1974 ) . 

The XO/XX mosaic/chimaera presented no signs of phenotype 

abnormali ties . H8102 was not avai labl e  for further blood sampl e s  or 

additional tissues for cel l cu l tures . However , her owner considered 

her one of his best yearl ings . Her size ,  Thoroughbred conformation 

and t emperament were normal in the opinion of both the owner and 

veterinarian . As a two year o l d ,  H8102 might have been slightly 

large for her age ,  al though normal si ze for progeny of her sire , 

according to her owner . He a lso reported that she was in al l o ther 

ways normal and a good exampl e  of the breed . As the mare was to be 

raced , her reproduc tive potential was not yet a consideration and 

information on the deve lopment of  her reproduc tive tract was not 

avai l able .  

The pi lot  survey was designed for  detec tion of  simple numeri cal 

chromosome anoma l ies . Hasso ld  et a l .  ( 1978 ) ,  upon whose work this 

survey was partial ly pat terned , evaluated only four cel l s  and 

were specifical ly not' seeking mosaics . They did not di scover any, 

and it  was assumed that mosai c / chimaeras would not be detec ted in 

the pi l ot survey . Thi s ,  in fac t ,  was so , since wi thin the limi ts 

of the pilot survey an XO fi l ly was found . On ly when more metaphases 

were evaluated · was H8102 ' s  6 4 , XX cel l  l ine ·di scovered.  

The pi lot survey was designed to  have only one stage . However , 

the di s covery of a potential XO mare , confirmed as a mosaic/chimaera 

in an extended inquiry , was i n  keeping wi th the l i terature . 

The maj o rity of human cytogenetic population ·surveys are 

designed in more than one s tage . In the six studies revi ewed by 

Hook and Hamerton ( 19 77 ) ,  the group that analysed the highest number 
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of cel l s  in S tage I was the smal lest survey and they detected no 

mo saicism .  On the other hand , the group that analysed the largest 

amount of sampl es ( 13 ,939 ) only analysed a total of ten cel l s , two 

cel ls  for Stage I ,  three for Stage 11 and f ive for s tage Ill ( Hook 

and Hamerton , 1 9 77 ) .  That group di scovered seven mosaic individual s .  

Moreover , according to Maeda et al . ( 1 978 ) , a European group found 

the abnormal ce l l  line in 40, out of thei r 44 mosaic cases , among the 

first  five c e l l s  evaluated . 

The success of the pi lot  survey confi rmed the feasibi l i ty of 

cytogenetic popu lation studies of the domes tic horse ,  when these 

are l imi ted to s imp le  numerical abnormalities . Further stages wou l d ,  

b e  necessary , however , t o  sc reen for mo saic /chimaeri sm. Difficul ti es 

were encountered in fo l low-up on pi lot survey animal s .  These diffi ­

cu l ties are unl ikely to les sen unti l mosai c /chimaeri sm can be defined 

i n  terms of ei ther breeding potential or the horse ' s  performance .  How­

ever , the di scovery of one mosaic/chimaeric yearling in the survey 

argued agains t  the idea that the karyotype of the horse was too 

complex for the appl ication of human popu lation survey techniques . 

The discovery of one year ling with an abnormal karyotype also - ­

suggested that these animal s  may be relatively frequent in the pop­

u l ation . 
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CORRESPONDENCE 

Sir, - In August 1978, we conducted a pilot cytogenetic survey 
to screen for non-mosaic sex chromosome abnormalities· in a 
horse population. Prior to this survey eight XO mares had been 
examined by this laboratory in connection with infertility( l101• 
We have since verified four additional cases. The XO condition 
in the mare is characterized by either absent. or highly irregular, 
oestrOus cycles, ftaccid cervix, small uterus and very small 
?varies without follicles. All XO mares so far examined appear 
�ormal but, in some cases, may be smaller in stature than other 
llorses of the same breed. · I The xo condition in mammals has been studied extensively 
in the mouse and the human. and reported in the cat and pig. (n 
�c mouse. monosomy X is associated with reduced reproductive 
�ife an� reduced fertility (due to failure of the embryo to 
implant�51• Turner's Syndrome in humans is characterized by 
small stature. infantile external genitalia. streak gonads. primary 
amenorrhoea. webbed neck and, often. various clinical abnor­
malities such as skeletal. renal. cardiac and cortical anomalies. 

In humans. sex chromosome mosaicism, though rarely found 
in abortion studies'4l, is more frequent than the simple extra. or 
missing, sex-chromosome condition. Mosaicism is not neces­
sarily associated either with infertility. reduced fertility, or 
dinical abnormalities. Thus, the XO mare in some ways re­
sembles both the XO mouse and one extreme of the human 
XX/XO mosaic (for example, they appear normal externally); 
while in other ways • . such .as being infertile, the XO mare 
resembles the Turner's human. We are currently investigating 
the relationship of mosaicism to infertility in the mare.' 

It should be emphasized that 10% of all human spontaneous 
�bortions. 25% of those with chromosome abnormalities. are 

. �ported to be XQI41• However, Turner's Synd rome is the least iequent sex chromosome anomaly in newborn infants: 
4/ 1 000. compared with XXX at 1 .2/ 1000, XXY (Klinefelter's 

, yndrome) at 2. lj l000 and XYY at l -3/ HXXJ21• The low 
numbers of XO's in the live-born human population is because 
less than 5% of such cohceptuses go to term121• 

Assuming equal viability for embryos with sex chromosome 
abnormat;ties, there should be similar proportions of XXX, 
.XxY and XO horses in the population. In any case. it should be 
possible to find cytological evidence of XXX, XXY and XYY 
horses, unless these conditions are non-viable in this species. I n  
humans. the XXX condition i s  seldom associated with infertility . 
or phenotypic abnormalities. and appears more frequently than 
the XO condition in the live-born population. Likewise. the 
XYY male, though often appearing larger than average in 
stature. is both fertile and phenotypically normal. The XXY 
condition. Klinefelter's Syndrome. on the other .tand. is as­
sociated with eunuchoid proportions. small testes and smaller 

. ltaan average penile dimensions. and in some cases low mentality 
�nd moderate-to-extreme feminization. i.e., gynecom asty, 
body-hair distribution and structural conformation. However, 
some XXY's appear quite normal and have been discovered 
only through infertility studies. So far. we have found XYY and 
XXY cell lines in phenotypieally normal horses, but only in the . 

osaic state. The simple XX)t. XYY or XXY condition may be 
. res�nt. but unnoticeable. in the horse population. On the other 

and. these chromosome conditions may be selected against as 
mbry'os or neonates.' 

The apparent surplus of XO mar'ts. however, indicated that 
me' 

investigation should be made to ascertain if such a con-
ition, and, perhaps. other sex-chromosomally abnormal but 

1979 
phenotypically normal animals. were a significant part of the 
horse population. 

In co-operati.ln with H. Dewes an.d J. J. Hope. veterinarians, 
and several interested members of the N.Z. thoroug.'lbred 
Breeders' Association, 1 12 randomly selected yearlings from 1 1  
studs in the North Island were bled, and the samples cultured 
using "5tliitdard whole-blood techniques. Results of the 
chromosome complement were obtained from 108 samples: 48 
colts and 60 fillies. One XO was found in the 60 fillies, and was 

subsequently confirmed as an XO jXX mosaic. No abnormal cell 
lines were found among the 48 colts, within the limits of the 
$Ul'Vey. However, the number of cells counted per animal (with 
the exception of the XO) were too few to eliminate -the;:l'eao<: 
sonable possibility of mosaicism. . 

The fact that, in this limited survey of60 fillies, one XO mosaic 

occurred, together with our previous results. suggests that both 
the XO condition and XO mosaic conditions are possibly more 

prevalent in the mare than is recognised. We plan to extend the 1 
pilot survey, in the belief that serious consideration a no

. 
r�search 

I is needed to determine whether not only the XO cond1tton, but 

any other sex chromosome abnormality. is a significant part of 1 
the ·poor reproductive performance of the thoroughbred. 1 
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APPENDIX 11  

Table A- 11- 1 lists  previous ly unpubli shed case summaries of  

seven XO mares diagnos ed by the Cytogenetics Uni t·, Department of  

Veterinary C l inical Sciences , Massey University .  

In add i tion , seven animals i nvestigated for  chromosome 

abnormal iti es , �or which there was insufficient  information to 

ei ther confirm or refute the sugges tion of a pos sible anomaly 

are provided in Table A- II- 2 .  

200 



HORSE BREED 

H- 25 TB 

H- 29 TB 

H - 30 TB 

H - 3 3  SB 

H - 44 -'!-TB 

H- 1 9  TB 

Table A- II- 1 

Summary of unpubl� shed cases of XO mares in New Zealand . 

ACE 
HIST<lt'i TISSUE 

( years )  

l l  "Shy breeder" leucocyte 

- "Shy breeder" leucocyte 

3 Infer t i l e  leucocyte 

6 "Shy breeder" got in l eucocyte 
foa l with hormone 
therapy. 

6 Infer t i l e  wi th small leucocyte 
internal gen i ta l i a  and 
gonad s • . 

8 Infert i l e .  This mare was leucocyte 
reported in Bruhe � a l  
1 978 and was an XX/XO 
mo saic . 

TB • Thoroughbred , SB = Standard Breed 
*Total = Total c e l l a  evaluated. 

CHROMOSOt£ 
?; 6 2  63 64 

7 8 45 

10 4 5 1  

1 3  2 2  75 

3 4 1 5  

4 9 23 

24 38 86 

COUNTS 
Ccx-!MENTS 65 > 6 5  Total* 

1 - 6 1  Some metaphases had two unpaired meta- o r  sub-
metacentric chromosomes , suggesting the 
possibi l i ty of mosaicism for a structural ly 
abnormal X- chromosome. Only 4 metaphase& were 
63 , XO, 

2 - 67 Both metaphases With 65 chromosomes contained 
an extra acrocentri c ,  possib ly a '{- chromosome . 

4 1 1  1 25 A l l  metaphases with more than 65 chromosomes 
were po lyploi d .  The four c e l l s  with 6 5  
chromosomes had dif ferent karyotypes . In 
addi tion there were many c e l l s  containing ab-
normal chromosomes which were not eva luated. 

2 - 24 The possibi l i ty of mosai c /chimaerism could not 
be excluded on the bas i s  of one leucocyte 
cul ture . 

6 - 40 Only three metaphases with 63 chromosomes were 
XO, however the six with 65 chromosomes a l l  
contained an extra sub-metacentric chromo-
some,· These karyotyped as· Triplo-X cel l s .  

1 - 149 A few oec�phases with 64 chromosomes had two 
unpaired non - acrocentric chromosome s ,  of 
which one was the X. 
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HORSE !I REED 

H- 25 TB 

H - 29 TB 

H - 30 TB 

H - 3 3 SB 

H-44 \-TB 

H - 1 9  TB 

Table A-II - 2  

Summary o f  cytogenetic investigations of horses which had a suggestion o f  an 
anomaly , but for which there was insufficient information to verify .  

AGE 
HISTCli.Y TISSUE 

(year s )  

1 1  "Shy breeder" l eucocyte 

- "Shy breeder" leucocyte 

3 Infert i l e  leucocyte 

6 "Shy breeder" got in l eucocyte 
foa l with hormone 
therapy. 

6 Infer t i l e  wi th small leucocyte 
int ernal genitalia and 
gonad s , . 

8 Infer t i l e .  This ma r e  was leucocyte 
reported in Bru�re � al 
1 9 78 and was an XX/XO 
mosaic . 

TB • Thoroughbred , SB • S tandard Breed 
*Total • Total c e l l a  evaluated . 

CHROMOSOI£ 
?; 6 2  63 64 

7 8 45 

lO 4 5 1  

1 3  22 75 

3 4 1 5  

4 9 23 

24 38 86 

COUNTS 
Ca-!MENTS 65 > 65 Total* 

l - 6 1  Some metaphases had two unpaired meta- or sub-
metacentric chromosomes , suggesting the 
po s sibility of mosai c i sm for a structural ly 
abnormal X-chromosome. On ly 4 metaphases were 
6 3 , XO. 

2 - 67 !loth metaphases with 65 chromosomes contained 
an extra acrocen t r i c ,  pos sibly a '{- chromosome. 

4 l l  1 25 Al l metaphases with more than 65 chromo somes 
were polypl oid . The four ce l l s  with 65 
chromosomes had di f f erent karyotypes. In 
addi tion there were many cel ls containing ab-
normal chromosomes which were not evaluated , 

2 - 24 The possibi l ity of mosa i c / chimaerism could no t 
be excluded on the bas i s  of one leucocyte 
culture . 

6 - 40 Only three metaphases with 63 chromo somes were 
XO, however the six w i th 65 chromo somes a l l  
conta· ned an extra aub-metacentric chromo-
some,. These karyotyped a& Triplo-X cel l s ,  

l - 149 A f ew oe�.'\phases with 64 chromosomes had two 
unpai red non-acrocen t r i c  chromosomes , of 
which one was the X ,  
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APPENDIX Ill 

ANCILLARY INFORMATION TO CHAPTER IV - -

A . H-52 ' s  Dimensions 

Height at wi thers : 

Croup Height : 

Girth :  

Body Length : 

shoulder to rump 

shoulder to hip bone 

total ( straight line)  

Head Length : 

top of head to a l ine between 
upper margin o f  nostri l 

inner corner of  eye to upper 
margin of nos tri l 

Legs : 

l ength from point of e lbow to 
ground ( leg vertical ) 

l ength from point of hock to 
ground ( shank vertica l ) 

circumference below the knee 

l ength hock to fetlock 

Weight : 

1 5 1 . 25 cm ( 15 . � h . h . ) 

15 2 . 50 cm 

1 8 2 . 00 Clil 

1 67 . 50 cm 

1 1 7 . 50 cm 

202 . 50 cm 

47 . 5  cm 

25 . 0  cm 

47 . 5  cm 
5 7 . 5  cm 

1 5 . 0  cm 

front 
rear 

front 
1 2 . 5  cm rear 

20 . 0  cm front 
2 2 . 5  cm rear 

45 . 0  cm rear 

43 1 . 82 ki lograms 
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B .  H - 5 2  P OST MORTEM 

The pos t - mortem on H - 5 2  was conducted on 1 7 th September , 1979 , 

by Dr . A .  Johnstone , Department of Veter.inary P athology , Massey 

Uni ver sity. P rof . D .  Fie lden and Mr .  M. Birt l es consu l ted on the 

reproductive t ract and hi s to l ogy respect ively. 

The mare was not in oestrus and was not pregnant . Her condi tion 

was poor , however al l organs and t i s sues were essent ial ly normal . 

( 1 )  A firm adhesion , 8 X 4 cm,  was located between th� spleen and 

l ef t  abdominal wal l .  

( 2 )  There were chronic f ibrou s adhesions between the l iver and 

diaphragm. 

( 3 )  Paras i t i c  aneuri sms were present with larve of Delafondia 

vu lgari s  

( 4 )  Chronic u l cerative gastr i t i s , associated with Gastrophi lus 

nasa l i s  i n  the margo pl i cata and pylorus , was present in the 

s to mach . There was mil d  hyperpl asia of the epi thel ium. 

( 5 )  The lungs were gro s s ly norma l , with non- suppurative chronic 

bronchit i s  and chronic focal pleuri sy indi cated hi s to log i cal ly.  

( 6 )  The heart was norma l ,  but had mul ti p l e  focal parasitic scars .  

( 7 )  The spleen was congested . Hi s to l ogica l ly there were s igns of 

chronic pas s ive congest ion and mi ld haemosidero s i s .  

{ 8 )  The intestines were congested . 

{ 9 )  The pitui tary was norma l . No lesion s were pr esent histological ly 

however a sma l l  thi ckened col lagenou s mas s  was present . 

( 1 0 ) The pancreas was normal , but i t  had exces s  f i brous t i s sue·· 

around ducts . 

( 1 1 )  There ' were mi ld centri l obular changes in the l iver due to the 

presen c e  of fine to cour se cytoplasmic vacuo lation ( i . e . , fat ) .  

( 1 2 )  The adrenal gland appeared norma l . The normal dis tribut ion 

of neurons was present in the medu l l a  and there were no micro -

scopic l esions . There was focal vacuolat ion · ( probabl y  fat ) 

in the � fasci cular i s  and glomerulosa. Accessory i s l ands or 

corti ca l  t i s sue were present adj acent to the right ovary . 
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( 13 )  There was f ibro - muscular thickening o f  the media and externa 

of the crania l  mesenteric artery . There were also areas of 

acut e  and chron i c  inf l ammatory change with chondroid 

and myxomatou s metaplasia , a long wi th · dystrophic : . 

cal c i f i cation and verminous endarteri t i s  ( aneurism ) . 

( 14 )  The branch of t he internal carot id was normal . 

( 15 )  The kidney was macroscopical ly normal . Hi stologi cal ly there was 

evidence of focal infl ammat ion , focal cal cifi cation of tubu l es 

an� mesangial thi ckening indi cat ing mi ld glomular nephr i t i s  

an d  mi ld chron i c  f o cal inter s t i t ia l  nephrit i s .  

( 1 6 )  The thyroid was normal . 

( 1 7 )  The brain and central nervou s sys tem were normal . 

( 18 )  The l ef t  ovary measured 4 � 2 x 2 . 5  cm. A 2 mm diameter . sec tion of 

orange luteal ti s su e  with a central brown area was present macro­

scopical ly , as were one or two brown haemo�rhagic areas . Hi s­

tologi cal ly , only stroma was seen , with no evidence of fo l l ic le s . 

However ,  there were areas of l ocal haemorrhage , between 14 days 

and several months o l d ,  whi ch were both Pear l ' s  Iron and Sudan 

Black po si tive. ... 

( 19 )  The r ight ovary measured 3 . 5  x 2 . 5  x 1 . 5  cm. It contained 

brown haemorrhagi c  s pot s and a paraovarian cyst was adj acen t  

to the ovary in the mesovarium. Hi sto l ogical ly there was no 

evi dence of fol l i c l es and onl y  stroma was seen. There were 

areas of scarring wi th a central ly big area of haemo s iderin 

and some cel l s  f i l led with l i ght brown granular materia l , whi ch 

were both Pear l ' s  Iron and Sudan Black po sitive . 

( 20 )  The uterus measured 1 5  c m  from horn to horn , and 1 2  c m  f rom 
I 

the internal os t o  the vulvar c l eft . Both F al lopian tubes 

were patent and were normal hi s to logica l ly .  

( 21 )  The l eft uterine horn had fai r ly low columnar epithe l ium and 

some di la ted duc t s  containing proteinaceous material . The 

cytoplasm of the columnar cel l s  was foamy . There were some 

nests of lymphoid c e l l �  indicat ing some focal inflammatory 

chang� and s l ight atrophy .  

( 22 )  The r ight uterine horn was simi lar t o  the left one except the 

surface epi thel ium appeared almost cuboidal . 
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( 23 )  The mucosa layer of the upper uterine body had gland duct s  

d eve l oped , though relatively less dense than the lower 

region , which were . t.ortuous but had fewer branches than those 

in the lower region . The e_pi thel ial cel l s  were les s columnar 

than i n  the lower region. 

( 2 4 ) � the l ower uterine body there were glands and groups of 

g lands in the stratum compactum . The cel l s  were low co lumnar 

w i th basal nuc lei and rather foamy cytoplasm .  Some contained 

a proteinaceous secreti on .  The surface epi thelium was l ow 
c o lumnar type with deeply staining cytoplasm . 

( 25 )  The cervix had a sing l e  layer cuboida l  l ining , and there was 

s l ight mucus production . 

( 26 )  The vagina was l ined by s tratified squamous , non- keratini zing , 

epithe l ium with numerou s sma l l  inc lusion cys ts , whi ch con­

tained fibri l lar c lump s of mucus and cel lular debri s .  Beneath 

t he stratum- germini tivum and in p l aces penetrating into lower 

l evel s  of the epi thelium were fol l i c les of ac tively pro l i fer ­

ating l ymphoid t i s sue . rn the l ower vagina there were a few 

smal l c hronic inf lammatory nodu l es under the stratum germini ti ­

�· However , there were no inclusions and the epi thel ium 

was not as high as in the upper regions . The muscle layers 

appeared to be normal throughout the vagina . 
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C .  ESTIMATES O F  PRIMORDIAL CELL POOL SIZE 

For the es timati o n  of 
.
Primordial cel l  pool s i z e ,  the estimated 

proportions of c e l l  types ( i . e . , XXX , XXY )  in each solid ti ssue 

studi ed were con sidered a r epl icate estimatio� of the total mosai c /  

chimaerism present in the mare . The es timation o f  the primordial 

cel l poo l , therefore ,  probably became an estimat e  of ei ther the 

undifferentiated pre - b l astocys t or embryoni c  mas s  of the blastocys t .  
2 

The variance of a binomia l  dis tribution (Variance or s = pq/N ) 

was used for calcu lation of N ,  where N was the estimate of the pri ­

mordial poo l size that c ou l d  have given ri se to the mixoploidy 

estimated . The overal l frequency with which a cel l type was found in 

non - lymphocyte cul tured c e l l s  was " p" and " q" was equal to 1 - p .  It 

was outside the scope of thi s  Thesi s to evaluate the validity of the 

as sumptions neces sary for such a calcul ation ( see Nesbi tt , 19 7 1 ; 

Ne sbi tt and Gart l er ,  1 9 7 1 ; Fia lkow , 1 973 ; Falconer and Avery , 1 9 78 ) . 

Tabl e  A-III- 1 gives the estimated primordial cel l poo l  si zes 

and 9 5% confidence interval s for the variance ( e stimated ) in H- 5 2  for 

65 , XXX , 65 ,XXY and adj u st ed 64 , XX  cel l s . 

Table A- III- 1 

Cel l  Type 
N 9 5% confidence 

( pool si ze ) interval of N 

XXX 
2 . 5 1 1 . 2 - 4 . 28 

( p  = 0 . 9 103 ) 
XXY 

7 . 5 1 3 . 4 - 1 2 . 2 ( p  = 0 . 4598 ) 

XX 
( p  = 0 . 0437 ) 2 . 24 1 . 1  - 3 . 8  

A s imi lar calcu lation performed for 6 6 , XXXX and 6 6 , XXXY cel � s  

yiel ded large poo l  s i ze estimates , 1 7 . 5 and 27 . 2  cel l s  respec tively . 

Large pool si ze estimates c ould be expec ted i f  a cel l  line were . at 

e ither a pro l i ferative or selective d i sadvantage in- vivo . However , 

aside from in troducing a large bias i nto the c a l cu lation , when analy­

sis is performed on ce l l  l i nes having a low estimated frequency it 
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becomes indef ini t e  exactly whi ch primordial poo l one i s  estimating 

( Fialkow , 1973 > - In the cases of the adj usted XX cel l s ,  the XXXX 
and XXXY cel l s , one may be merely estimating the precursor poo l s i z e  

o f  those t i ssues exhibi ting these l ines . 
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APPENDIX IV 

H- 2 7 ,  POST MORTEM 

The po st mortem, Number 1 18 5 1 , was condu c ted on 5th June , 1 9 7 9 , 
.. 

by Dr . Maurice Al l ey ,  Department of Veterinary Pathology, Massey Uni ver-
. . 

sity . Hi sto logical evaluation was also p erformed by Dr . Al ley . 

( 1 )  Irregu l ar scurfy l esions , up to 5 cm diameter , were locafed 

over the enti r e  body , but especial ly on the flanks and lower 

l imbs . These were areas of hyperkerato s i s  and epi the l ia l  

erosion , wi th repl acement by a fibrinous and cel lular exudate 

contai ning bacteria (cocci ) .  However , no fungal elements were 

seen , and no dermatophi lus was isolated from the skin . 

( 2 )  A 3 cm diameter f i rm nodu l e  was present on the bu lb of the 

right hind l i mb .  It consi sted of pro l i ferating immature 

fibrou s ti ssue forming whor l s  in the u pper dermi s covered by 

acanthotic epi thel ium . 

( 3 )  A wel l differentiated papi l loma was present on the third 

eyelid of the l eft eye ,  which measured 1 cm x 4 cm. 

( 4 )  The hind l imbs were swo l l en up t o  the inguinal area wi th 

subcutaneou s oedema of pa le yel low c o l our . No reason for t hi s 

oedema was found . 

( 5 )  The l ung showed moderate per iphera l  a lveol ar emphysema and 

bronchial smooth musc l e  hypertrophy . 

( 6 )  The right Fal lopian tube was enlarged ( 5  mm in diameter ) .  I t  

had no fimbri i and ended "bl indly" a t  the right ovary . Five 

f luid f i l l ed cysts { 5 mm in diameter ) were present in thi s 

region , ei ther in the ovarian fossa or parovarian space . No 

significant hi sto logi cal changes were found in ei ther right 

or l eft fal lopian tubes . 

( 7 )  The uterus appeared smal l er than norma l .  The u terine endo ­

metrium showed moderate diffus e inf i l tration of macrophages · 

and p lasma c e l l s  into the stratum compactum of the lamina 

propria together with occasional foci of p lasma cel l s  in the 

s tratum spongiosum . 

( 8 )  Both ovari es were 5 cm in diameter . The right ovary con tained 
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several devel oping fol l i c l es ( 0. 5 - 1 cm diameter ) .  The 

left ovary c ontained a corpus luteum 2 cm in diameter . 

The mar e  was nei ther pregnant nor in oestrus . She had exudative 

dermato s i s ,  sub - acute endometri ti s ,  paraovarian cyst s ,  subcutaneous 

oedema and moderate alveolar emphysema . 
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APPENDIX V 

MATERIALS 

A. Suppl i es 

1 .  vacutainers 

a .  Green stoppered heparini zed . Sodium Heparin,  143 U . S . P .  
un i t s , approximate 1 0  ml draw , l OO  x 15 - 16 mm (VT- l OOH ) , 
"Veno j ec t " .  Terumo Corpo ration . Tokyo , Japan . 

b .  Red stoppered plain . Approximate 10 ml draw , lOO x 
1 5 - 16 mm (VT- lOOP ) .  "veno j ec t" evacuated blood 
co l lec ting tubes . Terumo Corpo ration � Tokyo , Japan . 

2.. . syringes 

Mono j ec t  Di sposab l e  Syringes . Sherwood Medical Indu s tri es , 
Inc . , Deland , Florida . 

3 .  needles 

Brunswi ck s teri l e  non- toxic non - pyrogen ic di sposible 
hypodermic needles . Sherwood Medi cal Indu stri e s , Inc . , 
Del and , F l orida .  

4,. _!: i ssue cul tu re � 

a .  NUNC 50 ml t i s sue cul ture f l ask . NUNCLON Inter Med . 
Laboratory Services , Auckland . 

b .  Fa lcon No . 301 3  ti s sue cu l tu re flask . Falcon , 
Oxnard , Cal ifornia.  

c .  P l ain vacutainers ( see abov e ) 

d .  Mi cro Test T i s sue Cu l ture P l ates . Falcon No . 3040 . 
Fa lcon . Oxnard , Cal iforni a . 

e .  Di sposab l e  pasteur pipett s ,  9 "  various brands . 

5 .  microscope s l ides 

76 . 2  mm x 25 . 4  mm x 0 . 8 - 1  mm, c l ear glass - ground edges . 
The People ' s  Repub l i c  of China . 

6 .  co.ver s lips 

Mi croscope Glass Cover S l i ps . 2 2  x 60 mn ,  No . l .  Chance 
Propper Limi ted , Smethwich , War l ey ,  England . 

7 .  Steri l e di sposible scal pel b lades, various brands and s i zes . 

8 .  moun ting agent 

D . P . X .  Mountant . Microscopi cal Reagen t .  BDH Chemi ca l s  Ltd . 

9 .  photographic 

a .  f i l m :  Copex panrapid ( Agfa ) 35 mm 
b .  paper : Ilfospeed Pho tographi c Paper . I l ford (Austra l i a )  

Pty . L td . , Vi ctoria . 
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B .  Ti s sue Cu l ture Mater i a l s  

1 .  T i s sue Cu l ture Medium 

Ti s sue cul ture m�dium 199 . Wel lcome Reagents Ltd . , 
Beckenhal!! , Eng l and . Reconsti tuted l OX concentrated dried 
powder (TC-45 ) .  Minimum Essential Medium ( MEM) was used 
for lymphocyt e  t ranformation tes ts and on occasion in 
e s tabl i shed cel l culture s .  

2 .  Fetal Bovine Serum 

Laboratory Suppl i es , Auckland , New Zea land . 

3 .  Phytohemagglutin i n (PHA ) 

Reagent Grade ( HA- 1 5 ) .  Wel lcome Reagents Limi ted , 
Beckenham , Eng land . 

4 .  Hepari n 

"Pu larin" , Heparin Injec tion B . P . , 5 , 000 uni ts per ml . 
Evans Medical L imi ted , S peke ;  Liverpoo l ,  England . 

5 .  P enici l l in - S t reptomycin - Kanamyci n  solution (PSK ) 

1 0  g S treptomycin Sul phate 
1 0  t

'
- mega via l s  of Peni ci l l in ( 250 , 000 uni t 

· c rystal l ine benzyl penici l l in )  
1 0  g. Kanamyc in 

Mix and add phosphate buffered sa l ine to 1000 ml . 
Steri l i ze by f i l t ration . Di stribute in s teri l e  
univer sa l containers and store a t  0°C .  

6 .  Sodium Bicarbonate so lut ion 

44 g 
5 ml 

sodium bicarbonate 
Pheno l Red 

I 
Mix and add d i sti l l ed water to 1 , 000 ml s .  Autoc lave 
at 10 l bs / sq .  in.  for 10- 15 minutes in 'sealed via l s . 

7 .  Trypsin ( D i fco 1 : 250) 

Make 0 . 25% concentration in· Hanks basic salt solution . 
Adjust pH to 7 . 6  wi th NaHCO . Add 10 ml PSK per 
1 , 000 ml . S teri l i ze by f i ltration and store in 100 ml 
a l iquo t s  at - 20°C .  

8 .  Al sev.ers so lution ( modified ) 

G lucose 20 . 5  g 
Sodium c i trate 8 . 0 g 
C i tric aci d  0 . 55g 
Sodium chl oride 4 . 2  g 
Water to 1 , 000 ml 

S teri l i ze by autocl aving at 1 0  lbs pre ssure for 
20 mi nutes . The solution shou l d  have a pH of 6 . 1 .  

9 .  S teri le 2% cal c ium chloride ( Cac� 2
) so lution . 
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1 0 .  P lasma 

a .  Add 3 ml Al severs solution to 10 m l  red - stoppered 
vacutainer ( wi thout losing vacumn ) .  

b .  Co l l ec t bloo� direc t ly into vacutainer . 

c .  Centri fugue at 2 , 000 r . p . m .  for 1 0  minutes . 

d .  Di s tribute p lasma in steri l e  bi j ou or universal bottles . 
0 

e .  Store at 4 C no longer than seven days , preferably do 
no t use after 48 hours . 

f .  To reconst i tute : Add 0 . 2  ml steri l e  cal cium chloride 
( CaC 1

2
) so lu tion to 1 ml p lasma . Use wi thin three 

minutes . 

1 1 . Co l chi cine 

a .  Add 1 ml vial colchicine to 9 ml phosphate buffered 
sal ine aseptica l ly .  S tore at 4°C .  

b .  For use : di lute 1 ml of stock col chicine solution in 
49 ml steri l e  phosphate buffered saline and s tore at 
4

°
C .  

c .  At harves t  add 0 . 1 ml per 5 ml cul ture medium . Thi s  
gives concentration of 0 . 2 )Vg /ml . 

1 2 .  Antibiotic - Trypsin - Ver sene ( ATV ) solution 

Trypsin (Di fco 1 : 250) 
Versene (EDTA - Sequestri c Aci d )  
NaC l 
KC l 
Dextro se 

0 . 5  gJ 
0 . 2 g 
8 . 0  g 
0 . 4  gJ 
1 . 0 g 
0 . 58g NaHC0

3 
P SK 
Pheno l Red 

1 0 . 0  ml 
0 . 02g 

Make up to 1 , 000 ml with disti l l ed water . Steri l i ze 
by fi l tration . Store at - 20°C in 20 ml al iquots . 

13 . Phosphate Buffered Sa line ( PBS ) 

NaC l  
KCl 
Na�P0

4 KH2i'0
4 

8 . 0  g 
0 . 2 g . 
1 . 15 g, 
0 , 2  g: 

Make up to 1 , 000 ml wi th di sti l l ed water. 
by autocl aving at 1 5  lbs for 15 minutes .  
pH = 7 . 2 - 7 . 4 . 

1 4 .  Hypotonic solu tion ( 0 . 075M KC l )  

/ 

S ter i l i ze 
Final 

a. Concentrate so lu tion : Di sso l ve 7 . 4  g KCl i n  lOO ml 0 
di sti l l ed wate r .  Store at 4 c .  

b .  Prior to harvest , d i lute 7 . 5  m l  in 9 2 . 5  ml . disti l l ed 
water and heat to 3 7°

C .  
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1 5 . Fixative ( 3 : 1 ) 

Three part s absolute ethyl al coho l to one part g lac ial 
acetic ac id . Make immedi ately before use .  

1 6 .  "Lymphoprep" ( Sodium metri zoate/ Fico l l  solution ) . Nyegaard 
& Co . AS . Os l o ,  Norway . 

c .  Cel l Cul ture Media 

1 .  Transport medi a 

TC- 1 9 9  
P SK 
Fungi zone 
FBS 

0 
S tore at 4 c .  

2 .  Leucocyte cul ture media 

TC- 1 9 9  
FBS 
PSK 
Hepar in 

75 1ml 
10 ml 

5 ml 
2 to 10 ml 

75 ml 
25 ml 

1 to 2 ml 
0 . 2 ml 

Sodium bi carbonate 1 to 5 ml 

Combin e i ngredi ent s  aseptica l ly .  
4 ml amount s to p lain vacutainers .  

3 .  Ce l l  cu l ture media 

TC- 1 9 9  
FBS 
P SK 

75 ml 
25 ml 

2 ml 

Di stribute in 3 to 
Store at - 4

°
C .  

Sodium bi carbonate 0 to 5 ml 

Combine aseptical ly and store in tightly sealed 
container s at 4° C .  After cul tures have been initiate� 
decrease PSK to 1 ml and 0 . 5  ml . For maintaining 
cu l ture s ,  after exponential growth , reduce fetal bovine 
serum to 1 5% · and . l0% . 

D .  Staining solu tions 

1 .  Giemsa 

\ 

Gi emsa s tain ( 225 1 6 - 25 ) .  George T .  Gurr Limited , London , 
England . 

Recon s t i tu te powder per directions of manufacturer and 
store at 4

Q
C .  Immediately prior to staining , a 5% 

Giemsa s tain so lu tion i s  made wi th phosphate buffer 
(Gurr - 6550. S earl Diagno s t i c , Bucks England ) .  The 
pH of the solu t i on shou ld be 6 . 8 .  

2 .  2 X SSC ( 0 . 3 M  sodium chloride containing 0 . 03M tri - sodium 
c i t rate ) 
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NaCl 
Tri - sodium ci trate 
(Na

3
c

6
H

5
o

7
· 2H

2
0) 

Deioni zed water 

8 .  77 gr 

4 . 41 g 
500 ml 

S tore at 4°C ;  Do no t u s e  hot 2 X SSC over two days o l d .  r 

3 .  Sorensen ' s  buffer 

KH
2

Po
4 

Na
2

HP0
4 

Deioni zed water 

4 . 08 g 
5 . 3 4 g 

1 ?000 ml 

4.  Normal sal i ne solution. The Nationa l  Dairy As soc . Ltd . , 
Auckland . 

E .  Eguipment 

1 .  Micro scope 

M20 Wi l d  Heerbrugg Ltd . , Swi tze r l and . 

2 .  Camera 

MKal attachable earner� (No .  293 - 9 70 ) , 35 mm magazin e , 
Wi ld Heerbrugg Ltd . , Swi t zer land . 

3 .  En larger 

Focomat l l c ,  Lei t z ,  Germany . 

4 .  Centri�ugue 

Chr i s t  Universa l Centri �ugue . Head radius 1 8 . 5  cm. 
Townson and Mercer . ( set approximate . 6 6 , 600 g or 1 , 000 rpm) 

. 5 .  Magneti c  stirrer 

Chi l t ern , Smith ,  Biolab ,  Ltd . , Auckland ,  New Zeal and . 

6 .  Hand Operated Tal ly Counter 

Eng l i sh Numbering Machines Ltd . , England . 

7 .  Warm room , whi ch maintained t emperature . of 37
°

C .  
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APPENDIX V I  

METHODS 

I .  Leucocyte Cu l ture System 

The system was based on Heuser and Razavi ( 1970 ) , Who had modi ­

f i ed that of Arakaki and Sparkes ( 19 63 ) .  Further modifications were 

on the order of Hungerford ( 1 9 65 ) .  

A .  Sample col l ec t i on :  

1 .  Swab top of green stoppered heparini zed vacutainer wi th 

70% al coho l . 

2 .  Col lect venous b l ood with reasonable regard for ster i l i ty .  

3 .  Swab stopper ·and gent ly agi tate to mix heparin and b l ood . 

4 .  Chi l l  samp l es , and avoid expo sure t o  l igh� dur ing t ransport . 

B .  Setting-up cul tures : 

1 .  Swab top of vacutainer cul ture tube . Thi s  should be thawed 
0 

before b l ood i s  added , but n eed not be at 3 7  C .  

2 .  Inocu late asepti cal ly each cul ture tube with 0. 2 ml who l e  

b lood and 0. 2 t o  0 . 3  ml , natural ly settled , serum . Alt er ­

nat ively ,  0 . 4  t o  0 . 5  m l  who l e  bl ood may be used . 

3 .  Add PHA , 0 . 1 ml per cul ture tube . The PHA shou ld be no 

older than four days . 

4 .  
0 

Agi tate the t�be gen tly and incubate at 3 7  C for two to 

three hours or unti l separat ion occur s .  

5 .  Agi tate vigorous ly and continue incubation for a total 

e lapsed time of not l ess than 50 hours and not more than 

7 2  hour s .  Agi tate ·the c u l ture tubes at least three t imes 

a day . 

C .  Harves ting : 

1 .  Three to four hour s  before the desired time of harvest add 

one drop ( from a 20- gauge need l e )  of working co l chi c in e  

so lution (50pg )  and agi tate . 

2 .  At harvest time ,  remove tubes from incubator/warm room and 

centri�ugue at 1 ,000 r . p . m. for 5 minutes . 

3 .  Remove supernatan t  wi th rubber - bu lbed Pasteur pipette or 

aspirator . 

4 .  Add 1 0  ml prewarmed ( 37
°

C )  0 . 075 M KC l hypotonic so lution 
0 . 

and incubate at 3 7  C for 25 to 30 minutes . 
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5 .  Cen tri fugue tubes at 1 , 000 r . p . m . , for 5 minutes and remove 

supernatant as in number 3 above . 

217 

6.  Add 1 0  ml 3 : 1  fixat ive , repl ace s topper and agitate vigorou s ly . 

7 .  P l ace tubes i n  4°
C temperature unt i l  ready to prepare s l i des 

( no l ess than one hour ) .  

I I .  Ce l l  Cul ture Techniques 

Ce l l  cu l ture techn i que s were after the sys tem of Hyman ( 19 68 ) .  

A .  General preparat ion : 

1 .  Co l l ect t i ssue samples as c leanl y  as possible and p lace 

immediat e ly in Transport Media or ster i l e  saline so lution 

sup p l i mented with ant ibioti c s .  Do not expose samp l e s  to 

l ight or temperatures above physio logical temperature 

during trans port . 

2· . In a l aminar f low chamber , aseptical ly · excise t i ssues frcm 

inner - most regions of the t i s sue sampl e  and place in a s teri l e  

di s po sab l e  petri dish containing PSK . 

3 .  Mince the tis sue with sharp s teri le scalpel blades , changing 

b l ades and petri dishes at l east twice . Stop when the 

t .  . . 1 1 
3 

1 s sue p1eces are approx1mate y mm . 
B .  Trypsin Digestion technique : 

1 .  Col l ec t  t i s sue pieces in t rypsini zing flask , add SO ml 0. 25% 

t ry psin solut ion , and place on magneti c  stirrer for 20 minutes . 

The typsin so lution shou l d  be at 37
°

C and this temperature 
' 

maintained during the 20 minutes . Set magriet{c s tirrer at 

moderately swift setting . 

2 .  Fi l t er so lution through s ter i l e  stainless s teel f i l t er into 

s teri l e  universal bot t l es or centrifug·e tubes . 

3 .  Cent r ifugue 5 minutes at approximat e ly 1 , 000 r � p . m. 

4 .  D i scard supernatant and wash c e l,l s  in cul ture med i a .  Transfer 

to ster i l e  centrifug:e . tubes if universal container s were 

u sed in step number 2 .  Culture media un- suppl emented with 

FBS was used for washes . 

5 .  Centrifuge 5 minutes at approximately 1 , 000 r . p . m. and 

r emove supernatant . 



6 .  Add 10 ml complete cu l ture media to each tube . Depending 

upon the densi ty of the resu l t ing suspension , ei ther add 

about 2� 5 ml of suspension to a s teri le culture flask, o r  

add up t o  1 ml suspension and di lute t o  about. 5 m l  with 

media .  

7 .  Check the number of cel l s ,  a l t ernatively check the numbers 

of l ive cel l s  per mi l l i ter solution . Label cultures and 

incubate at 3 7°
C .  

C .  P l asma Clot technique : 

1 .  P l ace minced ti ssue i n  ster i l e  universa l  bott l e  contain ing 

ei ther culture media or transport media enri ched to about 

25% FBS . Incubate at 3 7
°

C for 24 - 48 hour s .  

2 .  Recon s t i tute plasma . 

3 .  Ei ther coat t i s sue pieces i n  recon s t i tu ted p lasma and p lace 

in · s teri l e  cul ture f lask , or p l ace a drop of recon s ti tuted 

p lasma in the f lask , add t'i s sue , c over wi th another drop of 

plasma and draw- off exces s .  P lace six to eight piec e s  of 

tis sue in each f lask . 

4 .  When c lot has formed , add sufficien t  cu � ture media to make 

thin f i lm on the bot tom of the f lask. About 24 hour s later 

add media unt i l  the depth i s  about 2 mm . 

5 .  
0 

Incubate at 3 7  C .  

D .  Maintenance of cel l cu l tures : 

When p l asma c l ot cul tures begin to grow-ou t ,  change the 

media . Thereafter c hange media dai ly during exponential 

growth phase . Do no t change media i n  trypsin diges tion 

primary cultures unt i l  approximately two days after the 

f i r s t  ce l l s  attach . Alternative ly ,  after approximately 

seven days remove ha l f  of c e l l solution and replace with 

fresh media , or add about 0 . 5  ml fresh cu l tu re media 

about every four day s . Once sufficient c e l l s  have attached 

change media dai ly . 

E .  Passaging c e l l cul tures : 

1 .  

2 .  

3 .  

Decant o ld media.  

Gently wash cu l ture surface with steri l e  PBS . 
0 

Add approximately 5 ml ATV and i ncubate at 3 7  C for 10- 1 5  

minutes monitoring for di s - adhesion of c e l l s .  
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4 .  Transfer ATV - ce l l  solution to fresh s teri le culture f la sk { s )  

and add an equal amoun t of cu lture med i a .  Put fresh med i a  
0 

int� primary culture .  Incubate at 3 7  C .  

5 .  Six to 24 hour s  after passaging change the med ia in passaged 

f lasks . 

F .  Harvesting cel l cul tures : 

1 .  Add colchi cine solution 3 to 4 hours prior to harves.t and 

vi sual ly moni tor for change in morpho l ogy evidencing 

mi totic arres t  ( c el l s  become round ) .  

2 .  Remove medi a  into c l ean centrifugue tubes . 

3 .  Wash f lask with PBS and pu t PBS into centrifuge tubes wi th 

the removal med i � .  

4 .  Add approximately 5 ml ATV to cu l ture flask and incubate 

at 37°C for approximately 10 to 1 5  minutes . 

5 .  Transfer ATV- ce l l  so lution to centr i fuge tubes . Rinse 

flasks with PBS and add this to the tubes . 

6 .  Centrifuge for 5 minutes at 1 , 000 r . p . m. and d i scard 

supernatant . 

7 .  Resuspend cel l s  in pre-warmed hypotonic so lution and 

continue as for leucocyte culture harvest . 

Ill . S l ide Preparati on 

1 .  Soak s l ides in ab�olute al coho l . Store like thi s at r oom 

temperature . 

2 .  Rinse s l ides in running tap water and place in di sti l l ed 

water in refrigerator to chi l l . Alternatively , rinse s l ides 

in running water , drain excess moi sture and p lace in a 

freezer for at lea s t  1 5  minutes . 

3 .  Spin c e l l  solution at 1 , 000 r . p . m .  for 5 minu te s .  Remove 

supernatant and resuspend ce l l s  in fresh , chi l l ed ,  3 : 1  

fixative . The amount of fresh fixative depends upon the 

number of c e l l s  presen t . and thi cknes s  of the suspension 

desired , but averaged from 0 . 5 to 1 . 0 ml . 

4 .  Draw several drops of cel l suspension into a clean p i pett e . 

5 .  Ho l d  a c (ean , cold , damp ' microscope sl ide at approximately 

a 45
° 

s lope and drop two or three drops of solution on the 

s l ide from a height of about 24 cm . Inunedia tely shift 

orientation of s l ide to hori zontal with s li ght dec l ine on 
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i ts short axi s ,  and pass through a bunsen burner . Al ter ­

natively , blow gen t ly down direc t ly o n  the hori zontal s l ide 

and pas s it through a bunsen burner . 

6 .  P lace s l ides on �firm ho t plate to dry . Label them . 

IV . Sex- Chromatin 

The method of Bruere ( 1 966 ) was used . 

1 .  Within one hour of death exc i se sec t ions of the spinal cord 

and cerebel lum . 

2 .  S l ice sect ions with sharp scalpel blades forming pieces 

approximately 1 cm long . 

3 .  Fix immediately i n  fresh 4% formal dehyde for exact ly 24 hours .  

4. Embed sections using routine hi sto l ogical procedures . 

5 .  Cu t sections � thick. 

6 .  Transfer sec tions to s l ides and process for staining wi th 

cresy l  echt vio l et ( Co l eman and Bel l , 2% ) .  

7 .  Stain for five· seconds . 

8 .  Process for perma-mounting . 

9 .  Exami ne approximately 100 cel ls from each region under the 

micro scope . Sketch each c e l l  showing relative posi tions 

of the nuc leu s ,  nuc leolu s and sex - chro�tin . 

V .  Differential staining 

A . · C - bands : 

The technique of Sumner ( 1 9 7 2 ) as modi f i ed by Chandl ey and 

F.! etcher 0973 ) ,  wi th the Ba ( OH )  
2 

incubation lasting 10 minutes . 

1 .  Incubate s l ides in 0 . 2M' HCl for 1 hour at room temperature .  

2 .  Rinse s l ides in deioni zed water . 

3 .  P lace s l ides i n  fresh 5% bari um hydroxide solution at 50
°C 

for 10 minutes . 

4 .  
5 .  

6 .  

7' . 

8 .  

9 .  

Rinse in deioni zed water . 
0 

Incubate 1 hour at 2 X SSC at 60 C .  

Rinse i n  deioni zed water . 

Stain 1 hour in s tandard Giemsa s tain . 

Rinse in deioni zed water . 

Dry and cover s l i p  wi th permanent mount . 
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B .  G - band s : 

The aceti c - sal ine technique of Grace and Bain ( 19 72 ) . 

1 .  D i s so lve three bu�fer tab l ets , pH 7 . 0 ,  lOO ml size ( G . T .  

Gurr ) in l OO  m l  deioni zed water . 

2 .  Rai se the temperature of the buffer solution to 3 7
°

C .  

3 .  Incubat e  s Lides at 3 7°C in the concentrated buffer for 

10 minute s . 

4 .  S tain in Lei shman ( G . T . Gurr ) diluted 1 in 4 wil.i1 normal 

pH 7 . 0  buffer for f ive minutes .  

5 .  Differen tiate in pH 7 . 0  buffer . 

6 .  Mount in DPX . 

I f  bands are indi s tinc t  increase the length of incuba tion 

in concentrated buffer . Ol der s l ides may require nearly two 

hou r s . S teps 4 and 5 may be repeated several t imes to obtain 

opti mal resu l t s . 

The proteo l y tic method of Seabright ( 1 9 7 1 ) as modified by 

Masuda et al . � l 9 74 ) . 

1 .  Incubate s l ides i n  0 . 1% trypsin ( in disti l l ed water ) for 

3 to 1 0  minutes at 5°
C .  

2 .  Stain wi th Giemsa at pH 6 . 4  for 15 minutes . 

3 .  Mount in DPX when th9roughly_ dry .  

Some preparations of horse cel ls requi red incubation for as 

long as 25 minutes in the chi l l ed trypsin so lu tion . 

VI . Pho tographic methods 

1 .  Fi l m: 

a .  Develop f i l m  i n  Kodak D76 or I l ford 1 - D- 1 1  for 6 minutes 
0 

at 20 c .  

b .  Fix in Universal fixer for 2 - 5  minutes . 

c .  Wash in running tap water for at l eas t 30 minutes . 

d .  Rinse i n  a wetti ng agent and hang up t o  dry . 

2 .  Prin t s : 

a .  Develop i n  1 part Bromophen to 3 parts water , at 

approximate l y  20
°

C ,  for approximately 2 minutes . 
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b .  Rinse in stop bath ( very weak acetic acid so lution ) .  

c .  P lace in hypo bath for 5 minutes . 

d .  Rinse in running water for 5 minutes . 

c .  Dry . 

Note : dependi ng upon con trast in the negative I lfo speed 

paper number 2 ,  3 ,  4 ,  or 5 was u sed . 

VI . Lymphocyte transformation test 

Transformation rates of peripheral blood lymphocy��s by PHA 

were asc ertained by s tandard micro- technique as de scribed by 

Ramadas s  ( 1 980 ) . 

1 .  Co l l ec t  venous whol e  blood in heparini zed vacutainers ,  

and wi thin one hour of col l ec tion start the procedure . 

2 .  Cen trifuge vacutainer s at 2 - 3 , 000 r . p . m . for 30 minutes . 

3 .  Remove buffy coat and resuspend i t  in MEM su pplemented 

with antibiot i c s . ( One uni t of buffy coat to 2 unit s  of 

MEM. ) 

4 .  Layer buffy coa t  solution on "Lymphoprep" , a commercial 

Fi col gradient . The "Lymphoprep" is p l aced in a con i cal 

graduated steri l e  c en trifuge tube and three uni t s  of 

buffy coat solu tion are l ayered on for each uni t of the 

Fico l . 

5 .  Centrifuge the Fico l gradi ents at 600 r . p . m . for 20 minu tes . 

6 .  Remove c l oudy interface and wash these cel l s  twi ce in 1 0  ml 

media . Centri fug e .  at 1 , 000 r . p . m . for 10 minutes after 

each wash . 

7 .  Resuspend in 1 0  ml media , centri fug � at 1 , 000 r . p . m . for 

10 minutes and resu spend the c e l l  pel l et in 1 - 2  ml media . 

8 .  Count c e l l s  wi th a Haemocytometer and check for viabi l i ty 

wi th Trypan Blue dye ,  using standard techni que ( i . e . , Hudson 

and Hay , 1976 ) .  

9 �  Di lute mi togen to required series . 

1 0. . Set-up cul tures i n  Micro Test T i ssue Cu l ture Plates , wi th 

c e l l  suspensions o_f 1 x 1 0
6 

c e l l s / ml , 200}'1 per compartment . 

a .  Serum separated from whol e  blood in step number 3 was 

placed in steri l e  universal containers . 

b .  Serum was incubated at 56
°

C for 30 minu tes , centri fuge 
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for 1 0  minutes at 1 , 000 r . p . m . , and the fibrinogen 

removed . 

c .  Make up MEM supp l emented wi th antibiot ics into cul ture 

media with 20% serum . 

d .  A l l ocate c el l s  and spec i f ic serums per experj menr� t  

des ign , u sing micro - cu l tu re gun . 

1 1 .  Cu l ture for three days at 3 7°C in 5% co2 in air a t  100% 

humidi ty .  

1 2 .  3 • .  
Pu l se - label wi th tridiated Thymi dine ( H - thymidine ) ,  and 

continue c u l tu ring for 24 hours . 

13 . Harvest onto f i l t er papers and process in the standard 
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See Ramadass ( 1 9 80 ) for detai led mater ial s ,  methods and equipment . 
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